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IT)  Art  of  the  enfuing  Difcourfe  about  Light  was  written 
Jl  at  the  defire  of  J'onie  Gentlemen  of  the  Royal  Society, 
in  the  Tear  167^.  and  then  fent  to  their  Secretary,  and 
read  at  their  Meetings,  and  the -reft  was  added  about 
Twelve  Tears  after  to  complete  the  Theory ;  except  the 
Third  Book,  and  the  loft  Proportion  of  the  Second,  which 
were  fine  e  put  together  out  of [cotter ed  Papers.  To  avoid 
being  engaged  in  Difputes  about  thefe  Matters,  I  have 
hitherto  delayed  the  Printing,  and  Jhould  ftitt  have  de¬ 
layed  it,  had  not  the  importunity  of  Friends  prevailed  upon 
me.  If  any  other  Papers  writ  on  this  Sub  jell  are  got  out 
of  my  Hands  they  are  imperfect, and  were  perhaps  written 
before  I  had  tried  all  the  Experiments  here  Jet  down , 
and  fully  fatisfiedmy  f elf  about  the  Laws  of  Refractions 
and  Compofition  of  Colours.  I  have  here  Publifhed  what 
I  think  proper  to  come  abroad,  wifhing  that  it  may  not  be 
Tranflated  into  another  Language  without  my  Confent. 

The  Crowns  of  Colours ,  which  fometimes  appear  about 
the  Sun  and  Moon,  I  have  endeavoured  to  give  an  Ac¬ 
count  of ;  but  for  want  of  fufficient  Obfervations  leave  that 
Matter  to  be  further  examined.  The  Subject  of  the  Third 
.Book  I  have  alfo  left  imperfefl,  not  having  tried  all  the 


Experiments  which  I  intended  when  I  was  about  thefe 
Matters ,  nor  repeated  fame  of  thofe  which  I  did  try ,  until 
I  had ' J'at  isfied  my  felf  about  all  their  Circumjlances.  To 
communicate  what  I  have  tried,  and  leave  the  rest  to 
others  for  further  Enquiry ,  is  all  my  DeJign  in  publishing 
thefe  Papers. 

In  a  Letter  written  to  Mr. Leibnitz  in  the  Tear  1 6j6. 
and  pubhfhed  by  Dr.  Wallis,  I  mentioned  a  Method  by 
which  I  had  found  fome  general  Theorems  about  fquaring 
Curvilinear  Figures,  or  comparing  them  with  the  Conic 
Sections,  or  other  the  fmpleH  Figures  with  which  they  may 
be  compared.  Mad  fume  Tears  ago  I  lent  out  a  Manufcript 
containing  fuch  Theorems,  and  having  fince  met  with  fome 
Things  copied  out  of  it,  I  have  on  this  Occafion  made  it 
publick,  prefixing  to  it  an  Introduction  and  fubjoyning  a 
Scholium  concerning  that  Method .  And  I  have  joined 
with  it  another  fmall  Traci  concerning  the  Curvilinear 
Figures  of  the  Second  Kind,  which  was  alfo  written 
many  Tears  ago,  and  made  known  to  fome  Friends,  who 
have  folia ’ted  the  making  it  publick. 
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The  FIRST  BOOK 


o  P 


MY  Deftgn  in  this  Book  is  not  to  explain  the  Pro¬ 
perties  of  Light  by  Hypothefes,  but  to  propofe 
and  prove  them  by  Reafon  and  Experiments  : 
In  order  to  which  ,  I  (hall  premife  the  following  Defini¬ 
tions  and  Axioms. 

DEFINITIONS. 

y  d  p  r  i  k.  i.  " 

BY  the  <%ays  of  Light  I  mderfiand  its  leaf  Tarts,  and  thofe 
a*  well SucceffiVe'  in  the  f  ame  Lines  as  Contemporary  in  fe¬ 
deral  Lines.  For  it  is  manifeft-  that  Light  confifts  of  parts 
both  Succeflive  and  Contemporary  5  becaufe  in  the  fame 
place  you  may  flop  that  which  comes  one  moment,  and 
let  pals  that  which  comes  prefently  afrer$  and  in  the  fame 
time  you  rnay  ftop  it  in  any  one  place,  and. let  it.  pals  in 
any  other.  '  Por' that  pare  of  Light  which  is  ftopt  cannot 
be  the  fame  with  that  which  is  let  pafs..  The  leaf!  Light 
or  part  of  Light ,  which  may  be  ftopt  alone  without  the 
reft  of  the  Light,  or  propagated  alone,  or  do  or  fuffer  any 
■■  -y-V'  :  '  A  '  '-yy  ;  •  •  '  thing. 


thing  alone,  which  the  reft  of  the  Light  doth  not  or  fuf- 
ers  not,  I  call  a  Ray  of  Light. 

D  E  F  I  N.  II. 

Gfpfrangibility-  of  the  Ifa ys  of  Light,  is  their  Difpofition  to  be 
refralted  or  turned  out  of  their  Way  in  puffing  out  of  one  tranf- 
parent  (Body  or  Medium  into  another.  And  a  greater  er  l efs  fle- 
frangib'tlity  of  (Rays,  is  their  Difpofition  to  be  turned  more  or  lefs. 
out  of  their  Way  in  like  Incidences  on  the  fame  Medium.  Mathe¬ 
maticians  ufually  confider  the  Rays  of  Light  to  be  Lines 
reaching  from  the  luminous  Body  to  the  body  illumina¬ 
ted,  and  the  refraction  of  chofe  Rays  to  be  the  bending 
or  breaking  of  thofe  Lines  in  their  pafling  out  of  one  Me¬ 
dium  into  another.  And  thus  may  Rays  and  Refractions 
be  considered,  if  Light  be  propagated  in  an  inftant.  But 
by  an  Argument  taken  from  the  /Equations  of  the  times 
of  the  Eclipfes  of  Jupiter's  Satellites  it  feems  that  Light  is 
propagated  in  time,  Ipending  in  its  paffage  from  the  Sun 
to  us  about  Seven  Minutes  of  time  :  And  therefore  I  have 
chofen  to  define  Rays  and  Refractions  in  fuch  general 
terms  as  may  agree  to  Light  in  both  cafes. 

DEFIN.  III. 

ffteflexibility  of  Ofays,  is  their  Difpofition  to  be  turned  hack,  into 
the  fame  Medium  from  any  other  Medium  upon  whofe  Surface  they 
fall.  And  (fays  are  more  or  left  r e flexible ,  which  are  returned 
bacf  mre  or  Ms  eafih-  As  if  Light  pafs  out  of  Glafs  into 
Air ,  and  by  being  inclined  more  and  more  to  the  com¬ 
mon  Surface  of  the  Glafs  and  Air,  begins  at  length  to  be 
totally  reflected  by  that  Surface  5  thofe  forts  of  Rays  which 
at  like  Incidences  are  reflected  moft  copioufly ,  or  by  in¬ 
clining  the  Rays  begin  fooneft  to  be  totally  reflected,  are 
moft  reflexible.  D  E- 


The  Angle  of  Incidence ,  is  that  Angle  which  the  Line  defer ibed 
by  the  incident  Ray  contains  with  the  Perpendicular  to  the  refle- 
Bing  or  refraBing  Surface  at  the  Point  of  Incidence. 

DEFIN.  V. 

The  Angle  of  Reflexion  or  RefraBion ,  is  the  Angle  which  the 
Line  deferibed  by  the  reflected  or  refraBed  Pay  containeth  with 
the  Perpendicular  to  the  refleBing  or  refraBing  Surface  at  the 
Point  of  Incidence. 

DEFIN.  VI. 

The  Sines  of  Incidence ,  Reflexion ,  and  RefraBion,  are  the 
Sines  of  the  Angles  of  Incidence,  (Reflexion,  and  RefraBion. 

DEFIN.  VII. 

The  Light  whofe  Rays  are  all  alike  Refrangible ,  I  call  Sim¬ 
ple,  Homogeneal  and  Similar ;  and  that  whofe  Rays  are  fome 
more  Refrangible  than  others,  I  call  Compound,  Heterogeneal  and 
Tijjimiiar.  The  former  Light  I  call  Homogeneal,  not 
becaufe  I  would  affirm  it  fo  in  all  refpeds  ;  but  bccaufe 
the  Rays  which  agree  in  Refrangibilky ,  agree  at  leaft  in 
all  thofe  their  other  Properties.  Which  I  confider  in  the 
following  Difco.urfe. 

DEFIN.  VIII- 

The  Colours  of  Homogeneal  Lights  ,  I  call  Primary. ,  Homo¬ 
geneal  and  Simple ;  and  thofe  of  Heterogeneal  Lights,  Heteroge¬ 
neal  and  Compound  For  thefe  are  always  compounded  of 
the  colours  of  Homogeneal  Lights  j  as  will  appear  in  the 
following  Difcourfe.  A  a  A  XI- 


C4l 

All  0  M  S. 

A  X.  I.  ’ 

THE  Angles  of  Incidence,  Reflexion,  and  (Refralliony  lye. 
in  one  and  the  fame  El  am. 

AX.  II. 

The  Angle  of  flexion  is  equal  to  the  Angle  of  Incidence. 

A  X.  III. 

If  the  ref  railed  E(ay  he  returned  dire&ly  bad » '  to  the  Eoint 
of  Incidence  ,  it  j hall  be  refr ailed,  into  the  Line  before,  defcri- 
bed  by  the  incident  Egiy. 

AX.  IV. 

EefraBion  out  of  the  rarer  Medium  into  the.  denfer ,  is  made: 
towards  the  ^Perpendicular  5  that  is,  fo  that  the  Angle  of  E(efra- 
Bion  be  left  than  the  Angle  of  Incidence, 

AX.  V- 

The  Sine  of  Incidence ,  is  either  accurately  or  Very  nearly  in  * 
given,  Egiti'o  to  the:  Sine  of  Egfr allion. 

Whence  if  that  Proportion  be  known  in  any  one  Incli¬ 
nation  of  the  incident  Ray,  ’tis  known  in  all  the  Inclina¬ 
tions,  and  thereby  the  Refraction  in  all  cafes  of  Incidence 
on  the  fame  refracting  Body  may  be  determined.  Thus 
if  the  Refraction  be  made  out  of  Air  into  Water,  the  Sine 
of  Incidence  of  the  red  Light  is  to  the  Sine  of  its  Refra¬ 
ction.  as  4  to  '  If  out  of  Air.  into  Glafs,  the  Sines  are 

as. 


as  17  to  ii.  In  Light  of  other  Colours  the  Sines  have 
other  Proportions  :  but  the  difference  is  fo  little  that  it 
need  feldom  be  eonfidered. 

Suppofe  therefore,  thaj  JR.  S  reprefents  the  Surface  of  Fir. 
ftagnating  Water,  and ,'C  is  the  point  of  Incidence  in 
which  any  Ray  coming  in  the  Air  from  A  in  the  Line 
A  C  is  refledted  or  refradted,  and  I  would  know  whether 
this  Ray  (hall  go  after  Reflexion  or  Refradtion  :  I  eredt 
upon  the  Surface  of  the  Water  from  the  point  of  Inci¬ 
dence  the  Perpendicular  C  P  and  produce  it  downwards 
to  Q.,  and  conclude  by  the  firft  Axiom,  that  the  Ray  af¬ 
ter  Reflexion  and  Refradtion,  fhall  be  found  fomewhere  in 
the  Plane  of  the  Angle  of  Incidence  AGP  produced.  I 
let  fall  therefore  upon  the  Perpendicular  C  P  the  Sine  of 
Incidence  A  D ,  and  if  the  refledted  Ray  be  defired ,  I  pro¬ 
duce  A  D  to  B  fo  that  D  B  be  equal  to  A  D,  and  draw 
C  B.  For  this  Line  C  B  fhall  be  the  refledted  Ray;  the 
Angle  of  Reflexion  B  C  P  and  its  Sine  B  D  being  equal 
to  the  Angle  and  Sine  of  Incidence,  as  they  ought  to  be 
by  the  fecond  Axiom.  But  if  the  refradted  Ray  be  de¬ 
fired,  I  produce  AD  toH,  fo  that  DH  may  be  to  A  D 
as  the  Sine  of  Refradtion  to  the  Sine  of  Incidence,  that  is 
as  3  to  4  ;  and  about  the  Center  C  and  in  the  Plane  A  C  P 
with  the  Radius  C  A  defcribing  a  Circle  A  B  E  I  draw 
Parallel  to  the  Perpendicular  CP  CL,  the  Line  H  E  cutting 
the  circumference  in  E,  and  joyning  CE,  this  Line  CE 
Ihall  be  the  Line  of  the  refradted  Ray.  For  if  E  F  be  let 
fall  perpendicularly  on  the  Line  P  Q_,  this  Line  E  F  Ihall 
be.  the  Sine  of  Refradtion  of  the  Ray  C  E,  the  Angle  of 
Refradtion  being  EGQ.;  and  this  Sine  E  F  is  equal  to 
D  H,  and  confequently  in  Proportion  to  the  Sine  of  Inci¬ 
dence  AD  as  3  to  4, 


In  like  manner,  if  there  be  a  Pulm  of  Glafs  (that  is  a 
Glafs  bounded  with  two  Equal  and  I  aiallel  Triangular 
ends,  and  three  plane  and  well  polnhed  Sides,  which  meet 
in  three  Parallel  Lines  running  riom  the  thtee  Angles  of 
one  end  to  the  three  Angles  of  the  other  end)  and  if  the 
Refraction  of  the  Light  in  palling  crofs  this  Prifm  be  defi- 
red:  Let  AC-B  reprefent  a  Plane  cutting  this  Prifm  tranf, 
verily  to  its  three  Parallel  lines  or  edges  there  where  the 
Light  palfeth  through  it,  and  let  D  E  be  the  Ray  incj. 
dent  upon  the  firft  fide  of  the  Prifin  A  C  where  the  Light 
goes  into  the  Glafs  5  And  by  putting  the  Proportion  of 
the  Sine  of  Incidence  to  the  Sine  of  Refraction  as  17  to 
r  t  find  E  F  the  firft  refraCted  Ray.  Ehen  taking  this  Ray 
for  the  Incident  Ray  upon  the  fecund  fide  of  the  Glafs  B  C 
where  the  Light  goes  out,  find  the  next  refraCted  Ray  F  G 
by  putting  chc  Proportion  of  the  Sine  of  Incidence  to  the 
Sine  of  RefraCtion  as  1 1  to  1 7.  For  if  the  Sine  of  Inci¬ 
dence  out  of  Air  into  Glafs  be  to  the  Sine  of  Refraction 
as  17  to  11,  the  Sine  of  Incidence  out  of  Glafs  into  Air 
muft  on  the  contrary  be  to  the  Sine  of  Refraction  as  1 1 
to  17,  by  the  third  Axiom. 

Much  after  the  fame  manner  ,  if  A  C  B  D  reprefent  a 
Glafs  fpherically  Convex  on  both  fides  (ufually  called  a 
Lens,  fuch  as  is  a  Burning- glafs,  or  Spectaele-glafs,  or  an 
ObjcCt-glafs  of  a  Telefcope)  and  it  be  required  to  know 
how  Light  filling  upon  it  from  any  lucid  point  Q.  fhall 
be  refracted,  let  Q.M  reprefent  a  Ray  falling  upon  any 
point  M  of  its  firft  fpherical  Surface  A  C  B,  and  by  erecting 
a  Perpendicular  to  the  Glafs  at  the  point  M,  find  the  fill 
refiacted  Ray  M  N  by  the  Proportion  of  the  Sines  17 
to  1 1.  Let  that  Ray  in  going  out  of  the  Glafs  be  ind¬ 
ent  upon  N,  and  then  find  the  fecund  refracted  Ray  N  f 
by  the  Proportion  of  the  Sines  1 1  to  1 7.  And  after  the 

fame 
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fiftie  toahlifcr  foa'y  the  RefraCtion  be  found  rfvhen  the 
Lens  is  Convex  on  one  fide  and  Plane  or  Concave  oh 
the  other,  or  Concave  on  both  Sides. 

A  X.  VI; 

Homogeneal  flays  which  flow  from  federal  Points  of  any  Oh - 
jeB,  and  fall  almofl  Perpendicularly  on  any  reflebling  or  refra- 
Eling  Plane  or  Spherical  Surface ,  fhall  afterwards  diverge  from 
fo  many  other  Points,  or  he  Parallel  to  fomany  other  Lines,  or 
converge  to  fo  many  other  Points ,  either  accurately  or  without  any 
fenjible  Error.  And  the  Jame  thing  will  happen,  if  the  flays  be 
refleSled  or  refraEled  fmceJJiVely  by  two  or  three  or  more  Plane 
or  Jj>herical  Surfaces. 

The  Point  from  which  Rays  diverge  or  to  which  they 
converge  may  be  called  their  Focus.  And  the  Focus  of 
the  incident  Rays  being  given,  that  of  the  reflected  or  re¬ 
fracted  ones  may  be  found  by  finding  the  Refraction  of 
afty  two  Rays,  as  above  ;  or  more  readily  thus. 

Caf.  i.  Let  ACB  be  a  reflecting  or  refracting  Plane,  Fig. 
and  Q.  the  Focus  of  the  incident  Rays,  and  Q}C  a  per¬ 
pendicular  to  that  Plane.  And  if  this  perpendicular  be 
produced  to  q,  fo  that  q  C  be  equal  to  Q.C,  the  point  q 
fhall  be  the  Focus  of  the  reflected  Rays.  Or  if  q  C  be 
taken  on  the  fame  fide  of  the  Plane  with  Q.C  and  in  Pro¬ 
portion  to  Q_C  as  the  Sine  of  Incidence  to  the  Sine  of 
RefraClion,  the  point  q  fhall  be  the  Focus  of  the  refrac¬ 
ted  Rays. 

Caf.  i.  Let  ACB  be  the  reflecting  Surface  of  any  Fig. 
Sphere  whofe  Center  is  E.  Bifect  any  Radius  thereof  (fup- 
pofe  E  C)  in  T,  and  if  in  that  Radius  on  the  fame  fide  the 
point  T  you  take  the  Points  Q.  and  q,  fo  that  T  Q.,  T  E, 
and  Tq  be  continual  Proportionals,  and  the  point  Qbe 

the 


the  Focus  of  the  incident  Rays,  the  point  q  fhall  be  the 
Focus  of  the  reflected  ones. 

Caf.  y  Let  ACB  be  the  refracting  Surface  of  any 
Sphere  whofe  Center  is  E.  In  any  Radius  thereof  E  C 
.produced  both  ways  take  E  T  and  C  t  feverally  in  fuch 
Proportion  to  that  Radius  as  the  lefler  of  the  Sines  of 
Incidence  and  Refradion  hath  to  the  difference  of  thofe 
Sines.  And  then  if  in  the  fame  Line  you  find  any  two. 
Points  Q_and  q ,  fo  that  T  Q.  be  to  E  T  as  E  t  to  if' 
taking  t  q  the  contrary  way  from  t  which  T  Q_  iieth  from. 
T,  and  if  the  Point  Q.be  the  Focus  of  any  incident  Rays, 
the  Point  q  fhall  be  the  Focus  of  the  refraded  ones. 

And  by  the  fame  means  the  Focus  of  the  Rays  after 
two  or  more  Reflexions  or  Refradions  may  be  found. 

Caf.  4.  Let  A  C  B  D  be  any  refrading  Lens ,  fpheri- 
cally  Convex  or  Concave  or  Plane  on  either  fide ,  and  let 
C  D  be  its  Axis  (that  is  the  Line  which  cuts  both  its  Sur¬ 
faces  perpendicularly,  and  pafles  through  the  Centers  of 
the  Spheres,)  and  in  this  Axis  let  F  and  f  be  the  Foci  of  the 
refracted  Rays  found  as  above,  when  the  incident  Rays 
on  both  fides  the  Lens  are  Parallel  to  the  fame  Axis  5  and 
upon  the  Diameter  F  /  bifected  in  E,  defcribe  a  Circle. 
Suppofe  now  that  any  Point  Q_  be  the  Focus  of  any  inci¬ 
dent  Rays.  Draw  QE  cutting  the  faid  Circle  in  T  and  f, 
and  therein  take  t  q  in  fuch  Proportion  to  t  E  as  t  E  or  T  E 
hath  to  T  Q.  Let  t  q  lye  the  contrary  way  from  f  which 
T  Q_doth  from  T,  and  q  fhall  be  the  Focus  of  the  refrac¬ 
ted  Rays  without  any  fenfible  Error  ,  provided  the  Point 
Q_  be  not  fo  remote  from  the  Axis,  nor  the  Lens  fo  broad 
.is  to  make  any  pf  the  Rays  fall,  too  obliquely  on  the 
refracting  Surfaces.  ; 

by  the  like  Operations  may  the  reflecting  or  re- 
n acting  Surfaces  be  found  when  the  two  Foci  are  given, 


and  thereby  a  Lens  be  formed,  which  fhall  make  the  Rays 
flow  towards  or  from  what  place  you  pleafe. 

So  then  the  meaning  of  this  Axiom  is ,  that  if  Rays 
fa!)  upon  any  Plane  or  Spherical  Surface  or  Lens,  and 
before  their  Incidence  flow  from  or  towards  any  Point  Q_, 
they  fhall  after  Reflexion  or  Refraction  flow  from  or  to¬ 
wards  the  Point  q  found  by  the  foregoing  Rules.  And  if 
the  incident  Rays  flow  from  or  towards  feveral  points  Q., 
the  reflected  or  refracted  Rays  fhall  flow  from  or  towards 
fo  many  other  Points  q  found  by  the  fame  Rules.  Whe¬ 
ther  the  reflected  and  refracted  Rays  flow  from  or  towards 
the  Point  q  is  eafily  known  by  the  fituation  of  that  Point. 

For  if  that  Point  be  on  the  fame  fide  of  the  reflecting  or 
refracting  Surface  or  Lens  with  the  Point  Q,  and  the  in¬ 
cident  Rays  flow  from  the  Point  Q_,  the  reflected  flow  to¬ 
wards  the  Point  q  and  the  refracted  from  it  5  and  if  the 
incident  Rays  flow  towards  Q_,  the  reflected  flow  from  q , 
and  the  refracted  towards  it.  And  the  contrary  happens 
when  q  is  on  the  other  fide  of  that  Surface. 

A  -X.  VI'I. 

Wherever  the  (Rays  which  come  from  all  the  (points  of  any  Ob¬ 
ject  meet  again  in  fo  many  Points  after  they  hate  been  made  to 
converge  by  (Reflexion  or  RefraSlion ,  there  they  trill  make  a  Pic¬ 
ture  of  the  Object  upon  any  white  Pody  on  which  they  fall. 

So  if  PR  reprefent  any  Object  without  Doors,  and  AB Fig.  ?• 
be  a  Lens  placed  at  a  hole  in  the  Window-fhut  of  a  dark 
Chamber,  whereby  the  Rays  that  come  from  any  Point  Q_ 
of  that  Object  are  made  to  converge  and  meet  again  in 
the  Point  q ;  and  if  a  Sheet  of  white  Paper  be  held  at  q 
for  the  Light  there  to  fall  upon  it  :  the  Picture  of  that 
Object  PR  will  appear  upon  the  Paper  in  its  proper  Shape 
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and  Colours.  Por  as  the  Light  which  comes  from  the 
Point  Q.  goes  to  the  Point  q,  fo  the  Light  which  comes 
from  other  Points  P  and  R  of  the  Object,  will  go  to  fo 
many  other  correfpondent  Points  p  and  r  (as  is  manifeft 
by  the  fixth  Axiom  ;)  fo  that  every  Point  of  the  Object 
{hall  illuminate  a  correfpondent  Point  of  the  Picture,  and 
thereby  make  a  Picture  like  the  Object  in  Shape  and  Co¬ 
lour,  this  only  excepted  that  the  Picture  (ball  be  inverted- 
And  this  is  the  reafoti  of  that  Vulgar  Experiment  of  call¬ 
ing  the  Species  of  Objects  from  abroad  upon  a  Wall  or 
Sheet  of  white  Paper  in  a  dark  Room. 
pig.  g,  In  like  manner  when  a  Man  views  any  Object  P  Q_R, 
the  Light  which  comes  from  the  feveral  Points  olthe  Ob¬ 
ject  is  fo  refracted  by  the  tranlparent  skins  and  humours 
of  the  Eye,  (that  is  by  the  outward  coat  EFG  called  the 
Tunica  Cornea,  and  by  the  cryftalline  humour  A  B  which  is 
beyond  the  Pupil  m  £ )  as  to  converge  and  meet  again  at 
fo  many  Points  in  the  bottom  of  the  Eye,  and  there  to  paint' 
the  Picture  of  the  Object  upon  that  skin  (called  the  Tu¬ 
nica  Retina)  with  which  the  bottom  of  the  Eye  is  covered.. 
For  Anatomifts  when  they  have  taken  off  from  the  bot¬ 
tom  of  the  Eye  that  outward  and  moft  thick  Coat  called 
the  Dura  Mater ,  can  then  fee  through  the  thinner  Coats 
the  Pictures  of  Objects  lively  painted  thereon.  And  thefe 
Pictures  propagated  by  Motion  along  the  Fibres  of  the  Op- 
tick  Nerves  into  the  Brain,  are  the  caufe  of  Vifion..  For 
accordingly  as  thefe  Pictures  are  perfect  or  imperfect,  the 
Object  is  feen  perfectly  or  imperfectly.  If  the  Eye  be  tin¬ 
ged  with  any  colour  fas  in  the  Difeafe  of  the  Jaundife)  fo 
as  to  tinge  the  Pictures  in  the  bottom  of  the  Eye  with  that 
©dour,  then  all  Objects  appear  tinged  with  the  fame  Co¬ 
lour.  If  the  humours  of  the  Eye  by  old  Age  decay,  fo 
as  by  fhrinking  to  make  the  Cornea,  and  Coat  of  the  Cry- 
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flatting  humour  grow  flatter  than  before,  the  Light  will  not  be 
refracted  enough,  and  for  want  of  a  fufficient  Refraction 
will  not  converge  to  the  bottom  of  the  Eye  but  to  fome 
place  beyond  it ,  and  by  confequence  paint  in  the  bottom 
oftheEye  aconfufed Picture, and  according  to  the  indiftinCt- 
nefs  of  this  Picture  the  ObjeCt  will  appear  confuted.  This 
is  the  reafon  of  the  decay  of  Sight  in  old  Men,  and  fhews 
why  their  Sight  is  mended  by  Spectacles.  For  thofe  Con- 
vex-glaffes  fupply  the  defeCt  of  plumpnefs  in  the  Eye,  and 
by  encrealing  tire  RefraCtion  make  theRays  converge  fooner 
fo  as  to  convene  diftinCtly  at  the  bottom  of  the  Eye  if  the 
Glafs  have  a  due  degree  of  convexity.  And  the  contrary 
happens  in  flhort- lighted  Men  whofe  Eyes  are  too  plump. 

For  the  RefraCtion  being  now  too  great, the  Rays  converge 
and  convene  in  the  Eyes  before  they  come  at  the  bottom  ; 
and  therefore  thePiCture  made  in  the  bottom  and  the  Villon 
caufed  thereby  will  not  be  diftinCt,  unlefs  the  ObjeCt  be 
brought  fo  near  the  Eye  as  that  the  place  where  the  con¬ 
verging  Rays  convene  may  be  removed  to  the  bottom,  or 
that  the  plumpnefs  of  the  Eye  be  taken  off  and  the  Refra¬ 
ctions  diminifhed  by  a  Concave-glafs  of  a  due  degree  of 
Concavity,  or  laftly  that  by  Age  the  Eye  grow  flatter  till  it 
come  to  a  due  Figure  :  For  fliort- lighted  Men  fee  remote 
Objects  belt  in  Old  Age,  and  therefore  they  are  accounted 
to  have  the  rrioft  lafting  Eyes. 

AX.  VIII. 

An  ObjeB  feen  by  Reflexion  or  RefraBion,  appears  in  that  place 
from  whence  the  (Rays  after  their  loft  Reflexion  or  RefraBion  di¬ 
verge  in  falling  on  the  SpeBators  Eye. 

If  the  ObjeCt  A  be  feen  by  Reflexion  of  a  Looking-  Eig.  <f. 
glafs  m  n,  it  lhall  appear,  not  in  it’s  proper  place  A,  but 
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behind  the  Glafs  at  a,-  from  whence  any  Rays  AB,  AC, 
AD,  which  flow  from  one  and  the  fame  Point  of  the  Ob. 
jeCt,  do  after  their  Reflexion  made  in  the  Points  B,C,  D,- 
diverge  in  going  from  the  Glafs  to  E,  F,  G,  where  they- 
are  incident  on  the  Spedator  s  Eyes.  For  thele  Rays  do, 
make  the  fame  Picture  in  the  bottom  of  the  Eyes  as  if 
they  had  come  from  the  Object  really  placed  at  a  without 
the  interpofition  of  the  Looking-glafs  5  and  all  Vifion  is 
made  according  to  the  place  and  fhape  of  that  Picture. 

In  like  manner  the  Object  D  feen  through  a  Prifm  ap-j 
pears  not  in  its  proper  place  D,  but  is  thence  tranflated  to 
fome  other  place  d  fituated  in.  the;  laft  refracted  Ray  F  G 
drawn  backward  from  F  to  A 

And  fo  the  Object  Q_  feen  through  the  Lens  A  B,  appears 
at  the  place  q  from  whence  the  Rays  diverge  in  palling 
from  the  Lens  to  the  Eye.  Now'  it  is  to  be  noted,  that  the  • 
Image  of  the  Object  at  q  is  fo  much  bigger  or  lelfer  than 
the  Object  it  felf  at  Q.,  as  the  diftance  of  the  Image  at 
q  from  the  Lens  AB  is  bigger  or  lefs  than  the  diftance  of 
the  Object  at  Q.  from  the  fame  Lens.  And  if  the  Object 
be  feen  through  two  or  more  luch  Convex  or  Concave, 
glaffes,  every  Glafs  fhallmake  a  new  Image,,  and  the  Ob¬ 
ject  (hall  appear  in  the  place  and  of  the  bignefs  of  the  laft 
Image.  Which  confideration  unfolds  the  Theory  of  Mi-  ' 
crofcopes  and  Telefcopes.  For  that  Theory  confifts  in  al- 
moft  nothing  elfe  than  the  defcribing  fuch  Glaffes  as  fhall  ; 
make  the  laft  Image  of  any  Objed  as  diftind  and  large 
and  luminous  as  it  can  conveniently  be  made.  . 

I  have  now  given  in  Axioms  and  their  Explications  the 
fumm  of  what  hath' hitherto  been  treated  of  in  Opticks. 
For  what  hath  been  generally  agreed  on  I  content  my 
felf  to  afliime  under  the  notion  of  Principles,  in  order  to 
wdiat  I  have  further,  to  write. .  And  this  may  fufEce  for  an 

Intro- 


Introcta&ion  to  Readers  of  quick  Wit  and  good  Under- 
ftanding  not  yet  verfed  in  Opticks  :  Although  thofe  who 
are  already  acquainted  with  this  Science ,  and  have 
handled  Glaffes,  will  more  readily  apprehend  what  fol¬ 
lowed!,  _ 
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LIGHTS  which  differ  in  Colour,  differ  aifo  in  De 
grees  of  Refrangibility. 


The  Proof  by  Experiments 

Exper.  i.  I  took  a  black  oblong  ftiff  Paper  terminated 
by  Parallel  Sides,  and  with  a  Perpendicular  right  Line 
drawn  crofs  from  one  Side  to  the  other,  diflinguifhed  it 
into  two  equal  Parts.  One  of  thefe  Parts  I  painted  with 
a  red  Colour  and  the  other  with  a  blew.  The  Paper  was 
very  black,  and  the  Colours  intenfe  and  thickly  laid  on, 
that  the  Phenomenon  might  be  more  confpicuous.  This 
Paper  I  viewed  through  a  Prifm  of  folid  Glafs,  whofe  two 
Sides  through  which  the  Light  paffed  to  the  Eye  were 
plane  and  well  polifhed,  and  contained  an  Angle  of  about 
Sixty  Degrees  :  which  Angle  I  call  the  refracting  Angle  of 
the  Prifm.  And  whilft  I  viewed  it,  I  held  it  before  a 
Window  in  fuch  manner  that  the  Sides  of  the  Paper  were 
parallel  to  the  Prifm,  and  both  thofe  Sides  and  the  Prifm 
parallel  to  the  Horizon,  and  the  crofs  Line  perpendicular 
to.it  5  and  that  the  Light  which  .fell  from  the  Window 
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•upon  die  Paper  made  an  Angle  with  the  Paper,  equal  to 
that  Angle  which  was  made  with  the  fame  Paper  by  the 
Light  refleded  from  it  to  the  Eye.  Beyond  the  Priftn  was 
theVall  of  the  Chamber  under  the  Window  covered  over 
with  black  Cloth,  and  the  Cloth  was  involved  in  Dark- 
nefs  that  no  Light  might  be  refleded  from  thence,  which 
in  parting  by  the  edges  of  the  Paper  to  the  Eye  ,  might 
mingle  it  felf  with  the  Light  of  the  Paper  and  obfeure  the 
Phenomenon  thereof.  Thefc  things  being  thus  ordered, 
I  found  that  if  the  refrading  Angle  of  the  Prifm  be  turned 
upwards,  fo  that  the  Paper  may  feem  to  be  lifted  upwards 
by  the  Refradion,  its  blew  half  will  be  lifted  higher  by 
the  Refradion  than  its  red  half  But  if  the  refrading 
Angle  of  the  Prifm  be  turned  downward,  fo  that  the  Pa¬ 
per  may  feem  to  be  carried  lower  by  the  Refradion,  its 
blew  half  will  be  carried  fomething  lower  thereby  than 
its  red  half  Wherefore  in  both  cafes  the  Light  which 
comes  from  the  blew  half  of  the  Paper  through  the  Prifm 
to  the  Eye,  does  in  like  Circumftanccs  fuflfer  a  greater  Re¬ 
fradion  than  the  Light  which  comes  from  the  red  half, 
and  by  confequence  is  more  refrangible, 
i .  lllujlration.  In  the  Eleventh  Figure,  M  N  reprefents  the 
Window, and  D  E  the  Paper  terminated  with  parallel  Sides 
D  J  and  H  E,  and  by  the  tranfverfe  Line  F  G  diftinguifhed 
into  two  halfs,  the  one  D  G  of  an  intenfely  blew  Colour, 
the  other  F  Eof  an  intenfely  red.  And  BAC cab  repre¬ 
fents  the  Prifm  whofe  refrading  Planes  AB/>  a  and  AC  c  a 
meet  in  the  edge  of  the  refrading  Angle  A  a.  This  edge 
A  a  being  upward,  is  parallel  both  to  the  Horizon  and  to 
the  parallel  edges  of  the  Paper  D  J  and  LI  E.  And  de  re¬ 
prefents  the  Image  of  the  Paper  feen  by  Refradion  up¬ 
wards  in  fiich  manner  that  the  blew  half  D  G  is  carried 
higher  to  dg  than  the  red  half  F  E  is  to/e,  and  therefore 
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fuflfers  a  greater  Refradion.  If  the  edge  of  the  refracting 
Angle  be  turned  downward,  the  Image  of  the  Paper  will 
be  refracted  downward  fuppofe  to  $>*,  and  the  blew  half 
will  be  refraded  lower  to  £  y  than  the  red  half  is  to 
Exper.  %.  About  the  aforefaid  Paper,  whofe  two  halfs 
were  painted  over  with  red  and  blew,  and  which  was  (tiff 
like  thin  Paftboard,  I  lapped  feveral  times  a  flender  thred 
of  very  black  Silk,  in  fuch  manner  that  the  feveral  parts 
of  the  thred  might  appear  upon  the  Colours  like  fo  many 
black  Lines  drawn  over  them ,  or  like  long  and  flender 
dark  Shadows  caft  upon  them.  I  might  have  drawn  black 
Lines  with  a  Pen,  but  the  threds  were  fmaller  and  better 
defined.  This  Paper  thus  coloured  and  lined  I  fet  againft 
a  Wall  perpendicularly  to  the  Horizon,  fo  that  one  of  the 
Colours  might  ftand  to  the  right  hand  and  the  other  to 
the  left.  Clofe  before  the  Paper  at  the  confine  of  the  Co¬ 
lours  below  I  placed  a  Candle  to  illuminate  the  Paper 
ftrongly  :  For  the  Experiment  was  tried  in  the  Night. 
The  flame  of  the  Candle  reached  up  to  the  lower  edge  of 
the  Paper,  or  a  very  little  higher.  Then  at  the  diftance  of 
Six  Feet  and  one  or  two  Inches  from  the  Paper  upon  the 
Floor  I  ereded  a  glafs  Lens  four  Inches  and  a  quarter 
broad,  which  might  colled  the  Rays  coming  from  the 
feveral  Points  of  the  Paper,  and  make  them  converge  to¬ 
wards  fo  many  other  Points  at  the  fame  diftance  of  fix 
Feet  and  one  or  two  Inches  on  the  other  fide  of  the  Lens, 
and  fo  form  the  Image  of  the  coloured  Paper  upon  a  white 
Paper  placed  there  5  after  the  fame  manner  that  a  Lens  at 
a  hole  in  a  Window  cafts  the  Images  of  Objeds  abroad 
upon  a  Sheet  of  white  Paper  in  a  dark  Room.  The  afore¬ 
faid  white  Paper,  ereded  perpendicular  to  the  Horizon 
and  to  the  Rays  which  fell  upon  it  from  the  Lens,  I  moved 
fomedmes  towards  the  Lens,  fometimes  from  it,  to  find 


[«n 

the  places  where  the' Images  of  the  blew  and  red  parts  dr 
the  coloured  Paper  appeared  moft  diftind.  Thofe  places 
I  eafily  knew  by  the  Images  of  the  black  Lines  which  I 
had  made  by  winding  the  Silk  about  the  Paper.  For  the 
Images  of  thofe  fine  and  (lender  Lines  (which  by  reafon  of 
their  blacknefs  were  like  Shadows  on  the  Colours)  were 
confiifed  and  fcarce  vifible,  unlefs  when  the  Colours  on  ei¬ 
ther  fide  of  each  Line  were  terminated  moft  diftindly. 
Noting  therefore,  as  diligently  as  I  could,  the  places  where 
the  Images  of  the  red  and  blew  halfs  of  the  coloured  Pa¬ 
per  appeared  moft  diftind ,  I  found  that  where  the  red 
half  of  the  Paper  appeared  diftind,  the  blew  half  appeared 
confided,  fo  that  the  black  Lines  drawn  upon  it  could 
fcarce  be  feen  j  and  on  the  contrary  where  the  blew  half 
appeared  moft  diftind  the  red  naif  appeared  confided,  fo 
that  the  black  Lines  upon  it  were  fcarce  vifible.  And  be¬ 
tween  the  two  places  where  thefe  Images  appeared  diftind 
there  was  the  diftance  of  an  Inch  and  a  half  -;  the  diftance 
of  the  white  Paper  from  the  Lens,  when  the  Image  of  the 
red  half  of  the  coloured  Paper  appeared  moft  diftind,  be¬ 
ing  greater  by  an  Inch  and  an  half  than  the  diftance  of  the 
fame  white  Paper  from  the  Lens  when  the  Image  of  the 
blew  half  appeared  moft  diftind.  In  like  Incidences  there¬ 
fore  of  the  blew  and  red  upon  the  Lens,  the  blew  was  re- 
fraded  more  by  the  Lens  than  the  red,  fo  as  to  converge 
Sooner  by  an  Inch  and  an  half,  and  therefore  is  more  refran¬ 
gible. 

lllujimtion.  In  the  Twelfth  Figure,  DE  fignifies  the  co¬ 
loured  Paper,  D  G  the  blew  half,  FE  the  red  half,  MN 
the  Lens,  HJ  the  white  Paper  in  that  place  where  the  red 
half  with  its  black  Lines  appeared  diftind,  and  hi  the  lame 
Paper  in  that  place  where  the  blew  half  appeared  diftind. 
The  place  hi  was  nearer  to  the  Lens  MN  than  the  place 
HJ  by  an  Inch  and  an  half.  Scholium. 
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Scholium.  The  fame  things  fucceed  notwithstanding  that 
fome  of  the  Circumftances  be  varied  :  as  in  the  firft  Ex¬ 
periment  when  the  Prifm  and  Paper  are  any  ways  inclined 
to  the  Horizon ,  and  in  both  when  coloured  Lines  are 
drawn  upon  very  black  Paper.  But  in  the  Defcription  of 
thefe  Experiments  ,  I  have  fet  down  fuch  Circumftances 
by  which  either  the  Phenomenon  might  be  rendred  more 
confpicuous,  or  a  Novice  might  more  eafily  try  them,  or 
by  which  I  did  try  them  only.  The  fame  thing  I  have 
often  done  in  the  following  Experiments  :  Concerning  all 
which  this  one  Admonition  may  fuffice.  Now  from  thefe 
Experiments  it  follows  not  that  all  the  Light  of  the  blew 
is  more  Refrangible  than  all  the  Light  of  the  red  ;  For 
both  Lights  are  mixed  of  Rays  differently  Refrangible, 
So  that  in  the  red  there  are  fome  Rays  not  lefs  Refrangible 
than  thofe  of  the  blew  ,  and  in  the  blew  there  are  fome 
Rays  not  more  Refrangible  than  thofe  of  the  red  ;  But 
thefe  Rays  in  Proportion  to  the  whole  Light  are  but  few, 
and  ferve  to  diminifh  the  Event  of  the  Experiment ,  but 
are  not  able  to  deftroy  it.  For  if  the  red  and  blew  Co¬ 
lours  were  more  dilute  and  weak,  the  diftance  of  the  Ima¬ 
ges  would  be  lefs  than  an  Inch  and  an  half ;  and  if  they 
were  more  intenfe  and  full,  that  diftance  would  be  greater, 
as  will  appear  hereafter.  Thefe  Experiments  may  fuffice 
for  the  Colours  of  Natural  Bodies.  For  in  the  Colours 
made  by  the  Refraction  of  Prifms  this  Propofition  will 
appear  by  the  Experiments  which  are  now  to  follow  in  the 
next  Propofition. 
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PROP.  II.  Theor.  II. 

The  Light  of  the  Sun  confijls  of  ^ ays  differently  %efrangihh\ 
The  Proof  by  Experiments. 

Exfer.  3.  TN  a  very  dark  Chamber  at  a  round  hole  about 
J[  one  third  part  of  an  Inch  broad  made  in  the 
Shut  of  a  Window  I’  placed  a  Glafs  Prifm,  whereby  the 
beam  of  the  Sun  s  Light  which  came  in  at  that  hole  might 
be  refradted  upwards  toward  the  oppofite  Wall  of  the 
Chamber ,  and  there  form  a  coloured  Image  of  the 
Sun..  The  Axis  of  the  Prifm  (that  is  the  Line  paffing 
through  the  middle  of  the  Prifm  from  one  end  of  it  to 
the  other  end  Parallel  to  the  edge  of  the  Refracting  Angle) 
was  in  this  and  the  following  Experiments  perpendicular 
to  the  incident  Rays.  About  this  Axis  I  turned  the  Prifm. 
flowly  ,  and  faw  the  refradted  Light  on  the  Wall  or  co¬ 
loured  Image  of  the  Sun  firft  to  defcend  and  then  to  af- 
eend.  Between  the  Defcent  and  Afcent  when  the  Image 
feemed  Stationary  ,  I  ftopt  the  Prifm,  and  ftxt  it  in  that 
Pofture,  that  it  fhouid  be  moved  no  more.  For  in  that 
pofture  the  Refractions  of  the  Light  at  the  two  fides  of 
the  Refradting  Angle,  that  is  at  the  entrance  of  the  Rays 
into  the  Prifm  and  at  their  going  out  of  it,  were  equal  to 
one  another.  So  alio  in  other  Experiments  as  often  as  I 
would  have  the  Refractions  on  both  fides  the  Prifm  to  be 
equal  to  one  another,  I  noted  the  place  where  the  Image, 
ol  the  Sun  formed  by  the  refradted  Light  flood  ftill  be¬ 
tween  its  two  contrary  Motions,  in  the  common  Period, 
of  its  progrefs  and  egrefs  5  and  when  the  Image  fell  upon 
that  place,  I  made  fail  the ’Prifm.  And  in  this  pofture,  as 
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the  mod  convenient, it  is  to  be  underftood  that  ail  the  Prifms 
are  placed  in  the  following  Experiments,  unlefs  where  fome 
other  pofture  is  defcribed.  The  Prifm  therefore  being  pla¬ 
ced  in  this  pofture,  I  let  the  refracted  Light  fall  perpendi¬ 
cularly  upon  a  Sheet  of  white  Paper  at  the  oppofite  Wall 
of  the  Chamber,  and  obferved  the  Figure  and  Dimenfions 
of  the  Solar  Image  formed  on  the  Paper  by  that  Light. 
This  Image  was  Oblong  and  not  Oval,  but  terminated 
with  two  Rectilinear  and  Parallel  Sides ,  and  two  Semi¬ 
circular  Ends.  On  its  Sides  it  was  bounded  pretty  diftinctly, 
but  on  its  Ends  very  confufedly  and  indiftinclly,  the  Light 
there  decaying  and  vanifhing  by  degrees.  The  breadth  of 
this  Image  anfwered  to  the  Sun’s  Diameter,  and  was  about 
two  Inches  and  the  eighth  part  of  an  Inch  ,  including  the 
Penumbra.  For  the  Image  was  eighteen  Feet  and  an  half 
diftant  from  the  Prifm,  and  at  this  diftance  that  breadth  if 
diminifhed  by  the  Diameter  of  the  hole  in  the  Window-flmt, 
that  is  by  a  quarter  of  an  Inch,  fubtended  an  Angle  at  the 
Prifm  of  about  half  a  Degree,  which  is  the  Sun’s  apparent 
Diameter.  But  the  length  of  the  Image  was  about  ten  Inches 
and  a  quarter,  and  the  length  of  the  Rectilinear  Sides  about 
eight  Inches  ;  And  the  refracting  Angle  of  the  Prifm  where¬ 
by  fo  great  a  length  was  made,  was  64  degr.  With  a  lefs 
Angle  the  length  of  the  Image  was  lefs ,  the  breadth  re¬ 
maining  the  fame.  If  the  Prifm  was  turned  about  its  Axis 
that  way  which  made  the  Rays  emerge  more  obliquely  out 
of  the  fecond  refracting  Surface  of  the  Prifm,  the  Image  foon 
became  an  Inch  or  two  longer,  or  more  5  and  if  the  Prifm 
was  turned  about  the  contrary  way,  fo  as  to  make  the  Rays 
fall  more  obliquely  on  the  firft  refracting  Surface,  the  Image 
foon  became  an  Inch  or  two  Shorter.  And  therefore  in  try¬ 
ing  this  Experiment,  I  was  as  curious  as  I  could  be  in  pla¬ 
cing  the  Prifm  by  the  above-mentioned  Rule  exactly  in 

C  2  fuch 
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fuch  a  poll  ure  chat  the  Refractions  of  the  Rays  at  their  emer¬ 
gence  out  of  the  Prifm  might  be  equal  to  that  at  their  inci¬ 
dence  on  it.  This  Prifm  had  fome  Veins  running  along 
within  the  Glafs  from  one  end  to  the  other ,  which  fcat- 
teved  fome  of  the  Sun’s  Light  irregularly,  but  had  no  fen- 
fible  effect  in  encreafing  the  length  of  the  coloured  Spec¬ 
trum.  For  I  tried  the  fame  Experiment  with  other  Prifms 
with  the  fame  Succefs.  And  particularly  with  a  Prifm 
which  feemed  free  from  fuch  Veins,  and  whofe  refracting 
Angle  was  6 it  Degrees,  I  found  the  length  of  the  Image  ps 

or  10  Inches  at  the  diftance  of  18^  Feet  from  the  Prifm, 
the  breadth  of  the  hole  in  the  Window-flhut  being  i  of  an 

Inch  as  before.  And  becaufe  it  is  eafie  to  commit  a  mi- 
flake  in  placing  the  Prifm  in  its  due  pofture,  I  repeated 
the  Experiment  four  or  five  times,  and  always  found  the 
length  of  the  Image  that  which  is  fet  down  above.  With 
another  Prifm  of  clearer  Glafs  and  better  Pollifh,  which 
feemed  free  from  Veins  and  whofe  refra&ing  Angle  was 
63 Degrees,  the  length  of  this  Image  at  the  fame  diftance 
of  iSiFeet  was  alfo  about  10  Inches,  or  ioJ.  Beyond 
thefe  Meafures  for  about  i  or  j  of  an  Inch  at  either  end  of 

the  SpeCtrum  the  Light  of  the  Clouds  feemed  to  be  a  little 
tinged  with  red  and  violet,  but  fo  very  faintly  that  I  fufpe- 
Cted  that  cinCture  might  either  wholly  or  in  great  meafure 
arife  from  fome  Rays  of  the  SpeCtrum  fcattered  irre¬ 
gularly  by  fome  inequalities  in  the  Subftance  and  Polifh 
of  the  Glafs ,  and  therefore  I  did  not  include  it  in  thefe 
Meafures.  Now  the  different  Magnitude  of  the  hole  in 
theWindow-fhut,  and  different  thicknefs  of  the  Prifm  where 
the  Rays  paffed  through  it,  and  different  inclinations  of  the 
Piifm  to  the  Horizon,,  made  no  fenfible  changes  in  the 
length  of  the  Image.  Neither  did  the  different  matter  of 

the 
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the  Priiins  make  any  :  for  in  a  Veflel  made  of  polifned 
Plates  of  Glafs  cemented  together  in  the  fhape  of  a  Prifrrr 
and  filled  with  Water,  there  is  the  like  Succefs  of  the  Ex¬ 
periment  according  to  the  quantity  of  the  Refraction.  It 
is  further  to  be  obferved,  that  the  Rays  went  on  in  right 
Lines  from  the  Prifm  to  the  Image,  and  therefore  at  their 
"very  going  out  of  the  Prifm  had  all  that  Inclination  to 
one  another  from  which  the  length  of  the  Image  pro¬ 
ceeded,  that  is  the  Inclination  of  more  than  two  Degrees 
and  an  half.  And  yet  according  to  the  Laws  of  Opticks 
vulgarly  received,  they  could  not  poflibly  be  fo  much  in¬ 
clined  to  one  another.  For  let  EG  reprefent  the  Window-  |7«r 
fhut,  F  the  hole  made  therein  through  which  a  beam  of  the 
Sun’s  Light  was  tranfinitted  into  the  darkned  Chamber,  and 
ABG  a  Triangular  Imaginary  Plane  whereby  the  Prifm  is 
feigned  to  be  cut  tranfverfiy  through  the  middle  of  the 
Light.  Or  if  you  pleafe,  let  ABC  reprefent  the  Prifm  it 
felf,  looking  direCtly  towards  the  Spectator’s  Eye  with  its 
nearer  end  :  And  let  X  Y  be  the  Sun,  MN  thePaper  upon 
which  the  Solar  Image  or  SpeCtrum  is  caft,  and  P  T  the 
Image  it  felf  whofe  fides  towards  Y  and  W  are  Rectili¬ 
near  and  Parallel,  and  ends  towards  P  and  T  Semicir¬ 
cular.  YKHP  and  X  L  J  T  are  two  Rays,  the  firft 
of  which  comes  from  the  lower  part  of  the  Sun  to  the 
higher  part  of  the  Image,  and  is  refracted  in  the  Prifm  at 
K  and  H,  and  the  latter  comes  from  the  higher  part  of 
the  Sun  to  the  lower  part  of  the  Image,  and  is  refraCled 
at  L  and  J.  Since  the  Refractions  on  both  fides  the  Prifm 
are  equal  to  one  another,  that  is  the  RefraCtion  at  K  equal 
to  the  RefraCtion  at  J,  and  the  RefraCtion  at  L  equal  to 
the  RefraCtion  at  H,  fo  that  the  Refractions  of  the  inci¬ 
dent  Rays  at  K  and  L  taken  together  are  equal,  to  the 

Refractions  of  the  emergent  Rays  at  H  and  J  taken  toge¬ 
ther  ; 
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tber  :  it  follows  by  adding  equal  things  to  equal  tilings, 
that  the  Refradions  at  K  and  H  taken  together,  are  equal 
to  the  Refradions  at  J  and  L  taken  together  ,  and  there¬ 
fore  the  two  Rays  being  equally  refraded  have  the  fame 
Inclination  to  one  another  after  Refradion  which  they  had 
before,  that  is  the  Inclination  of  half  a  Degree  anfwering 
to  the  Suns  Diameter.  For  fo  great  was  the  Inclination 
of  the  Rays  to  one  another  before  Refradion.  So  then, 
the  length  of  the  Image  P  T  would  by  the  Rules  of  Vul¬ 
gar  Opticks  fubtend  an  Angle  of  half  a  Degree  at  the 
Prifm,  and  by  confequence  be  equal  to  the  breadth  V  w ; 
and  therefore  the  Image  would  be  round.  Thus  it  would 
be  were  the  two  Rays  X  L  J  T  and  YKHP  and  all  the 
reft  which  form  the  Image  P  w  T  >,  alike  Refrangible. 
And  therefore  feeing  by  Experience  it  is  found  that  the 
Image  is  not  round  but  about  five  times  longer  than 
broad,  the  Rays  which  going  to  the  upper  end  P  of  the 
Image  fuffer  the  greateft  Refradion,  mult  be  more  Refran¬ 
gible  than  thofe  which  go  to  the  lower  end  T  ,  unlefs  the 
inequality  of  Refradion  be  cafual. 

This  Image  or  Spedrum  P  T  was  coloured,  being  red 
at  its  leafl  refraded  end  T,  and  violet  at  its  moil  refraded 
end  P,  and  yellow  green  and  blew  in  the  intermediate 
fpaces.  Which  agrees  with  the  firft  Propofirion,  that  Lights 
which  differ  in  Colour  do  alio  differ  in  Refcangibifity. 
The  length  of  the  Image  in  the  foregoing  Experiments  I 
meafured  from  the  fainteft  and  outmoft  red  at  one  end,  ro 
the  fainteft  and  outmoft  blew  at  the  other  end. 

Exper.  4.  In  the  Sun’s  beam  which  was  propagated  in¬ 
to  the  Room  through  the  hole  in  the  Window-flinty  at 
the  diftance  of  fome  Feet  from  the  hole,  I  held  the  Prifiti 
in  fuch  a  pofture  that  its  Axis  might  be  perpendicular  to 
that  beam.  Then  I  looked  through  the  Prifm  upon  the 
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hole,  and  turning  the  Prifm  to  and  fro  about  its  Axis  to 
make  th'e  Image  of  the  hole  afcend  and  defcend,  when  be¬ 
tween  its  two  contrary  Motions  it  feemed  ftationary,  I 
ftopt  the  Prifm  that  the  Refractions  on  both  fides  of  the 
refracting  Angle  might  be  equal  to  each  other  as  in  the 
former  Experiment.  In  this  Situation  of  the  Prifm  view¬ 
ing  through  it  the  faid  hole,  I  obferved  the  length  of  its 
refraCted  Image  to  be  many  times  greater  than  its  breadth, 
and  that  the  molt  refraCted  part  thereof  appeared  violet, 
the  leaft  refraCted  red,  the  middle  parts  blew  green  and 
yellow  in  order.  The  fame  thing  happened  when  I  re¬ 
moved  the  Prifm  out  of  the  Suns  Light ,  and  looked 
through  it  upon  the  hole  fhining  by  the  Light  of  the 
Clouds  beyond  it.  And  yet  if  the  Refraction  were  done 
regularly  according  to  one  certain  Proportion  of  the  Sines 
of  Incidence  and  RefraCtion  as  is  vulgarly  fuppofed,  the 
refraCted  Image  ought  to  have  appeared  round. 

So  then,  by  thefe  two  Experiments  it  appears  that  in 
equal  Incidences  there  is  a  confiderable  inequality  of  Re¬ 
fractions  :  But  whence  this  inequality  arifes,  whether  it  be 
that  fome  of  the  incident  Rays  are  refraCted  more  and 
others  lefs,  conftantly  or  by  chance,  or  that  one  and  the 
fame  Ray  is  by  RefraCtion  difturbed,  Chattered,  dilated, 
and  as  it  were  fplit  and  fpread  into  many  diverging  Rays, 
as  Grimaldo  fuppofes,  does  not  yet  appear  by  thefe  Experi¬ 
ments,  but  will  appear  by  thofe  that  follow. 

Exper.  5.  Confidering  therefore,  that  if  in  the  third  Ex¬ 
periment  the  Image  of  the  Sun  fhould  be  drawn  out  into 
an  oblong  form,  either  by  a  Dilatation  of  every  Ray,  or 
by  any  other  cafual  inequalky  of  the  ReffaCtions,  the  fame 
oblong  Image  would  by  a  feeonel  RefraCtion  made  Side- 
ways  be  drawn  out  as  much  in  breadth  by  the  like  Dila¬ 
tation  of  the  Rays  or  other  cafual  inequality  of  the  Re- 

1  fractions 
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fractions  Sideways,  I  tried  what  would  be  the  EffeCts  of  j 
fuch  a  lecond  Refraction.  For  this  end  I  ordered  all  things 
as  in  the  third  Experiment,  and  then  placed  a  fecond  Prifm 
immediately  after  the  firft  in  a  crofs  Pofition  to  it,  that  it 
might  again  refraCt  the  beam  of  the  Sun’s  Light  which 
came  to  it  through  the  firft  Prifm.  In  the  firft  Prifm  this 
beam  was  refracted  upwards,  and  in  the  lecond  Sideways;  j 
And  I  found  that  by  the  RefraCtion  of  the  fecond  Prifm  i 
the  breadth  of  the  Image  was  not  increafed,  but  its  fupe-  ! 
rior  part  which  in  the  firfl:  Prifm  fuffered  the  greater  Re¬ 
fraction  and  appeared  violet  and  blew,  did  again  in  the 
fecond  Prifm  fufler  a  greater  RefraCtion  than  its  inferior 
part,  which  appeared  red  and  yellow  ,  and  this  without 
any  Dilation  of  the  Image  in  breadth.  j 

Fig.  1 4.  Uluflration.  Let  S  reprefent  the  Sun,  F  the  hole  in  the  j 
Window,  A  B  C  the  firft  Prifin,  DH  the  fecond  Prifm,  Y 
the  round  Image  of  the  Sun  made  by  a  direCt  beam  of  ) 
Light  when  the  Prifms  are  taken  away,  P  T  the  oblong 
Image  of  the  Sun  made  by  that  beam  paffing  through  the 
firft  Prifm  alone  when  the  fecond  Prifin  is  taken  away,  and 
pt  the  Image  made  by  the  crofs  Refractions  of  both  \ 

Prifms  together.  Now  if  the  Rays  which  tend  towards  t 

the  feveral  Points  of  the  round  Image  Y  were  dilated  and  j 
Ipread  by  the  Refraction  of  the  firft  Prifm,  fo  that  they  j 
mould  not  any  longer  go  in  Angle  Lines  to  fingle  Points,  j 

but  that  every  Ray  being  fplit,  fluttered,  and  changed  j 

from  a  Linear  Ray  to  a  Superficies  of  Rays  diverging  j 

from  the  Point  of  Refraction,  and  lying  in  the  Plane  of  j 

the  Angles  of  Incidence  and  Refraction,  they  flrould  j 

go  in  thofe  Planes  to  lo  many  Lines  reaching  almoft 
from  one  end  of  the  Image  P  T  to  the  other,  and  if 
that  Image  fliould  thence  become  oblong  :  thofe  Rays 
and  their  feveral  parts  tending  towards  the  feveral  Points  of 

the 
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the  Image  P  T  ought  to  be  again  dilated  and  fpread  Side¬ 
ways  by  the  tranfverfe  RefraCtion  of  the  fecond  Prifm,  fo 
as  to  compofe  a  fourfquare  Image,  fuch  as  is  reprefented 
at  For  the  better  underftanding  of  which,  let  the  Image 
PT  be  diftinguifhed  into  five  equal  Parts  PQK,  KQR.L, 
LRSM,  MS  VN,  NVT.  And  by  the  fame  irregularity 
that  the  Orbicular  Light  Y  is  by  the  Refraction  of  the  firft 
Prifm  dilated  and  drawn  out  into  a  long  Image  P  T,  the 
the  Light  PQK  which  takes  up  a  fpace  of  the  fame  length 
and  breadth  with  the  Light  Y  ought  to  be  by  the  Refra¬ 
ction  of  the  fecond  Prifm  dilated  and  drawn  out  into  the 
long  Image  w  q  k_p,  and  the  Light  KQRL  into  the  long, 
Image  iqrl,  and  the  Lights  LRSM,  M  S  V  N,  N  V  T 
into  fo  many  other  long  Images  l  r  s  my  m  s  v  ?z,  nV  ti  $  and 
all  thefe  long  Images  would  compofe  the  fourfquare  Image 
*1.  Thus  it  ought  to  be  were  every  Ray  dilated  by  Re- 
fraction,  and  fpread  into  a  triangular  Superficies  of  Rays 
diverging  from  the  Point  of  RefraCtion.  For  the  fecond 
RefraCtion  would  fpread  the  Rays  one  way  as  much  as  the 
firft  doth  another ,  and  fo  dilate  the  Image  in  breadth  as 
much  as  the  firft  doth  in  length.  And  the  fame  thing 
ought  to  happen,  were  fome  Rays  cafually  refraCted  more 
than  others.  But  the  Event  is  otherwife.  The  Image  P  T 
was  not  made  broader  by  the  RefraCtion  of  the  fecond 
Prifm,  but  only  became  oblique,  as  us  reprefented  at pt, 
its  upper  end  P  being  by  the  RefraCtion  tranflated  to  a 
greater  diftance  than  its  lower  end  T.  So  then  the  Light 
which  went  towards  the  upper  end  P  of  the  Image,  was 
(at  equal  Incidences)  more  refraCted  in  the  fecond  Prifm 
than  the  Light  which  tended  towards  the  lower  end  T, 
that  is  the  blew  and  violet,  than  the  red  and  yellow  5  and 
therefore  was  more  Refrangible.  The  fame  Light  was  by 
the  RefraCtion  of  the  firft  Prifm  tranflated  further  from  the 

D  place 
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place  Y  to  which  it  tended  before  Refrablion  5  and  there; 
fore  buffered  as  well  in  the  firft  Prifm  as  in  the  fecond  ; 
greater  Refraction  than  the  reft  of  the  Light,  and  by  con* 
iequence  was  more  Refrangible  than  the  reft,  even  befor< 
its  incidence  on  the  firft  Prifm.  ; 

Sometimes  I  placed  a  third  Prifm  after  the  fecond,  and 
fometimes  alfo  a  fourth  after  the  third  ,  by  all  which  the 
Image  might  be  often  refrabted  fideways  :  but  the  Rays 
which  were  more  refrabted  than  the  reft  in  the  firft  Priftn 
were  alfo  more  refrabted  in  all  the  reft,  and  that  without 
any  Dilatation  of  the  Image  fideways  :  and  therefore  thole 
Rays  for  their  conftancy  of  a  greater  Refrablion  are  de~ 
fervedly  reputed  more  Refrangible. 

'ig.  15.  But  that  the  meaning  of  this  Experiment  may  more 
clearly  appear,  it  is  to  be  confidered  that  the  Rays  which 
are  equally  Refrangible  do  fall  upon  a  circle  anfwering  to 
the  Sun’s  Difque.  For  this  was  proved  in  the  third  Experi¬ 
ment.  By  a  circle  I  underftand  not  here  a  perfect  Geo¬ 
metrical  Circle,  but  any  Orbicular  Figure  whofe  length  is 
equal  to  its  breadth,  and  which,  as  to  fenfe,  may  feem. 
circular.  Let  therefore  A  G  reprefent  the  circle  which  all 
the_  moft  Refrangible  Rays  propagated  from  the  whole 
Difque  of  the  Sun,  would  illuminate  and  paint  upon  the 
oppofite  Ml' all  if  they  were  alone 5  E  L  the  circle  which  all 
the  leaft  Refrangible  Rays  would  in  like  manner  illuminate 
and  paint  if  they  were  alone  ;  BH,  C  J,  D  IC,  the  circles 
which  fo  many  intermediate  forts  of  Rays  would  fuccef- 
fively  paint  upon  the  Wall,  if  they  were  lingly  propagated 
horn  the  Sun  in  lucceffive  Order,  the  reft  being  always  in- 
teicepLed  }  And  conceive  that  there  are  other  intermediate 
Circles  without  number  which  innumerable  other  inter- 

w/eC  !ar  1  ^ays  would  fucceffively  paint  upon  the, 

a  1  if  the  Sun  fliould  liicceffively  emit  every  fort  apart*. 

And 
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And  feeing  the  Sun  emits  all  thefe  forts  at  once,  they  mull 
all  together  illuminate  and  paint  innumerable  equal  cir¬ 
cles,  of  all  which,  being  according  to  their  degrees  of  Re- 
frangibility  placed  in  order  in  a  continual  feries,  that  ob¬ 
long  Spedtrum  P  T  is  compofed  which  I  defcribed  in  the 
third  Experiment.  Now  if  the  Suns  circular  Image  Y 
which  is  made  by  an  unrefradted  beam  of  Light  was  by 
any  dilatation  of  the  fingle  Rays,  or  by  any  other  irregu¬ 
larity  in  the  Refradtion  of  the  firft  Prifm,  converted  into 
the  Oblong  Spedtrum,  P  T  :  then  ought  every  circle  A  G, 
B  H,  CJ,  tsrc.  in  that  Spedtrum,  by  the  crofs  Refra¬ 
ction  of  the  fecond  Prifm  again  dilating  or  otherwife 
fcattering  the  Rays  as  before,  to  be  in  like  manner  drawn 
out  and  transformed  into  an  Oblong  Figure,  and  thereby 
the  breadth  of  the  Image  P  T  would  be  now  as  much  aug¬ 
mented  as  the  length  of  the  Image  Y  was  before  by  the  Re¬ 
fraction  of  the  firfl:  Prifm  ;  and  thus  by  the  Refradtions  of 
both  Prifms  together  would  be  formed  a  fourfquare  Figure 
p*t1  as  I  defcribed  above.  Wherefore  fince  the  breadth  of 
the  Spedtrum  P  T  is  not  increafed  by  the  Refradtion  fide- 
ways,  it  is  certain  that  the  Rays  are  not  fplit  or  dilated,  or 
otherways  irregularly  fcattered  by  that  Refradtion,  but 
that  every  circle  is  by  a  regular  and  uniform  Refradtion 
tranflated  entire  into  another  place,  as  the  circle  A  G  by 
the  greateft  Refradtion  into  the  place  ag,  the  circle  B  H  by 
a  lefs  Refradtion  into  the  place  bh,  the  circle  C  J  by  a  Re¬ 
fradtion  ftill  lels  into  the  place  ci,  and  fo  of  the  reft ;  by 
which  means  a  new  Spedtrum  p  t  inclined  to  the  former 
P  T  is  in  like  manner  compofed  of  circles  lying  in  a 
right  Line  5  and  thefe  circles  muft  be  of  the  fame  bignels 
with  the  former,  becaufe  the  breadths  of  all  the  Spe- 
dtrums  Y,  P  T  and  ft  at  equal  diftances  from  the  Prifms 
are  equal. 


D  2 


I  con- 


[28] 

I.confidered  further  that  by  the  breadth  of  the  hole  F 
through  which  the  Light  enters  into  the  Dark  Chamber, 
there  is  a  Penumbra  made  in  the  circuit  of  the  Spedtrum 
Y,  and  that  Penumbra  remains  in  the  rectilinear  Sides  of 
the  Spedtrums  P-Tand  pt.  I  placed  therefore  at  that  hole 
a  Lens  or  Object-glafs  of  a  Telefcope  which  might  call 
the  Image  of  the  Sun  diftindtly  on  Y  without  any  Penum¬ 
bra  at  all,  and  found  that  the  Penumbra  of  the  Rcdtili- 
near  Sides  of  the  oblong  Spedtrums  P  T  and  pt  was  alfo 
thereby  taken  away,  fo  that  thofe  Sides  appeared  as  di- 
Itindtly  defined  as  did  the  Circumference  of  the  firft  Image 
Y.  Thus  it  happens  if  the  Glafs  of  the  Prifms  be  free 
from  veins,  atd  their  Sides  be  accurately  plane  and  well 
polifhed  without  thofe  numberlefs  waves  or  curies  which 
ufually  arife  from.  Sand-holes  a  little  Imoothed  in  poliflw 
iug  with  Putty.  If  the  Glafs  be-  only  well  polifhed  and 
free  from  veins  and  the  Sides  not  accurately  plane  but  a 
little  Convex  or  Concave,  as  it  frequently  happens  5  yet 
may  the  three  Spedtrums  Y,  P  T  and  pt  want  Penumbras, 
but  not  in  equal  diftances  from  the  Prifms.  Now  from 
this  want  of  Penumbras,  I  knew,  more  certainly  that  every 
one  of  the  circles  was  refradted  according  to  fume  molt 
regular,  uniform,  and  conftant  law.  For  if  there  were 
any  irregularity  in  theRefradtion,  the  right  Lines  A  E  and 
G  L  which  all  the  circles  in  the  Spedtrum  P  T  do  touch, 
could  not  by  that  Refradtion  be  tranflated  into  the  Lines 
a.  e  and  g  l  as  diftindt  and  flraight  as  they  were  before,  but 
there  would  arife  in  thofe. tranflated  Lines  fomc  Penumbra 
or  crookednefs  or  undulation,  or  other  fenfible  Perturba¬ 
tion  contrary  to.  what  is-  found  by  Experience.  Whatfo- 
eyer.  Penumbra  or  Perturbation  fliould  be.  made  in  the. 
circles  by  the  crofs  Refradtion  of  the  fecond  Prifm ,  all 
that  Penumbra  or  Pexturbation  .  would  be  conlpicuous  in 
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the  right  Lines  a  e  and  g  l  which  touch  thofe  circles.  And 
therefore  fince  there  is  no  fuch  Penumbra  or  Perturbation 
in  thofe  right  Lines  there  muft  be  none  in  the  circles. 
Since  the  diftance  between  thofe  Tangents  or  breadth  of 
the  Spectrum  is  not  increafed  by  the  Refractions,  the  Dia¬ 
meters  of  the  circles  are  not  increafed  thereby.  Since  thofe 
Tangents  continue  to  be  right  Lines  ,  every  circle  which 
in  the  firft  Prifm  is  more  or  lefs  refradted ,  is  exactly  in 
the  fame  Proportion  more  or  lefs  refradted  in  the  fecond. 
And  feeing  all  thefe  things  continue  to  fucceed  after  the 
fame  manner  when  the  Rays  are  again  in  a  third  Prilm, 
and  again  in  a  fourth  refradted  Sideways,  it  is  evident  that 
the  Rays  of  one  and  the  fame  circle  as  to  their  degree  of 
Refrangibility  continue  always  Uniform  and  Homogeneal 
to  one  another,  and  that  thofe  of  feveral  circles  do  differ 
in  degree  of  Refrangibility ,  and  that  in  fome  certain  and 
eonftant  Proportion.  'Which  is  the  thing  I  was  to  prove; 

There  is.  yet  another  Circumftance  or  two  of  this  Ex- Fig;, 
periment  by  which  it  becomes  frill  more  plain  and  con¬ 
vincing.  Let  the  fecond  Prifm  D  H  be  placed  notbmme- 
ately  after  after  the  firft,  but  at  fome  diftance  from  it  5 
Suppofe  in  the  mid-way.  between  Land  the  Wall  on  which 
the  oblong  Spedtrum  P  T  is  call,  fo  that  the  Light  from 
the  firft  Prifm  may  fall  upon  it  in  the  form  of  an  oblong 
Spedtrum,  Parallel  to  this  fecond  Prifm, and  be  refradted 
Sideways  to  form  the  oblong  Spedtrum  p  t  upon  the  Wall. 
And  you  will  find  as  before,  that  this  Spedtrum  p  t  is  in¬ 
clined  to  that  Spedtrum  P  T,.  which  the  firft  Prifm  forms 
alone  without  the  fecond  ;  the  blew  ends  P  and.  p  being  fur¬ 
ther  diftant  from  one  another  than  the  red  ones  T  and  f, 
and  by  confequcnce  that  the  Rays  which  go  to  the  blew 
end  «•  of  the  Image  »7  and  which  therefore  fuffer  the  greateft 
Refradtion  in  the  firft  Prifm,  are  again  in  the  fecond  Prifm 
more  refradted  than  the  reft.  The. 
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17.  The  fame  thing  I  try’d  alfo  by  letting  the  Suns  Light 
into  a  dark  Room  through  two  little  round  holes  F and? 
made  in  the  Window,  and  with  two  Parallel  Prifms  ABC 
and  placed  at  thofe  holes  (  one  at  each  )  refracting 
thole  two  beams  of  Light  to  the  oppofite  Wall  of  the 
Chamber,  in  fuch  manner  that  the  two  colour’d  Images 
P  T  and  MfJ'  which  they  there  painted  were  joyned  end  to 
end  and  lay  in  one  ftraight  Line,  the  red  end  T  of  the 
one  touching  the  blew  endNTof  the  other.  For  if  thefe 
two  refracted  beams  were  again  by  a  third  Prifm  D  H  pla¬ 
ced  croft  to  the  two  firft,  refraCted  Sideways,  and  the  Spe- 
Ctrums  thereby  tranflated  to  fome  other  part  of  the  Wall 
of  the  Chamber ,  fuppofe  the  SpeCtrum  PT  to  p  t  and 
the  SpeCtrum  MN  to  m  n,  thefe  tranflated  SpeCtrums  p  t 
and  m  n  w'ould  not  lie  in  one  ftraight  Line  with  their  ends 
contiguous  as  before,  but  be  broken  off  from  one  another 
and  become  Parallel,  the  blew  end  of  the  Image  m  n  being 
by  a  greater  Refraction  tranflated  farther  from  its  former 
place  M  T,  than  the  red  end  t  of  the  other  Image  p  t  from 
the  fame  place  MT  which  puts  the  Propofition  paft  di¬ 
spute.  And  this  happens  whether  the  third  Prifm  DH  be 
placed  immediately  after  the  two  firft  or  at  a  great  diftance 
from  them,  fo  that  the  Light  refraCted  in  the  two  firft 
Prifms  be  either  white  and  circular,  or  coloured  and  ob¬ 
long  when  it  falls  on  the  third. 

Exper.  6.  In  the  middle  of  two  thin  Boards  I  made 
round  holes  a  third  part  of  an  Inch  in  Diameter,  and  in 
the  Window-Ihut  a  much  broader  hole,  being  made  to  let 
into  my  darkned  Chamber  a  large  beam  of  the  Sun’s 
Light  5  I  placed  a  Prifm  behind  the  Shut  in  that  beam  to 
refraCt  it  towards  the  oppofite  Wall,  and  clofe  behind  the 
Prifm  I  fixed  one  of  the  Boards,  in  fuch  manner  that  the 
middle  of  the  refraCted  Light  might  pafs  through  the  hole 

made 
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made  in.  it,  and  the  reft  be  intercepted  by  the  Board. 

Then  at  the  diftance  of  about  twelve  Feet  from  the  firft 
Board  I  fixed  the  other  Board,  in  fuch  manner  that  the 
middle  of  the  refrabted  Light  which  came  through  the  hole 
in  the  fir  ft  Board  and  fell  upon  the  oppofite  Wall  might 
pafs  through  the  hole  in  this  other  Board,  and  the  reft  be¬ 
ing  intercepted  by  the  Board  might  paint  upon  it  the  co¬ 
loured  Speblrum  of  the  Sun.  And  clofe  behind  this  Board 
I  fixed  another  Prifm  to  refrabl  the  Light  which  came 
through  the  hole.  Then  I  returned  fpeedily  to  the  firft 
Prifm,  and  by  turning  it  flowly  to  and  fro  about  its  Axis, 

I  caufed  the  Image  which  fell  upon  the  fecond  Board  to 
move  up  and  down  upon  that  Board,  that  all  its  parts 
might  fucceffively  pafs  through  the  hole  in  that  Board  and 
fall  upon  the  Prifm  behind  it.  And  in  the  mean  time,  I 
noted  the  places  on  the  oppofite  Wall  to  which  that  Light 
after  its  Refrablion  in  the  fecond  Prifm  did  pafs  ;  and  by 
the  difference  of  the  places  I  found  that  the  Light  which 
being  moft  refrabled  in  the  firft  Prifm  did  go  to  the  blew 
end  of  the  Image,  was  again  more  refrabled  in  the  fecond 
Prifm  than  the  Light  which  went  to  the  red  end  of  that 
Image,  which  proves  as  well  the  firft  Propofition  as  the 
fecond.  And  this  happened  whether  the  Axis  of  the  two 
Prifms  were  parallel,  or  inclined  to  one  another  and  to  the 
Horizon  in  any  given  Angles. 

Illuftration.  Let  F  be  the  wide  hole  in  the  Window-fhut,  l  g. 
through  which  the  Sun  fhines  upon  the  firft  Prifm  A  B  C, 
and  let  the  refrabled  Light  fall  upon  the  middle  of  the 
Board  D  E,  and  the  middle  part  of  that  Light  upon  the 
hole  G  made  in  the  middle  of  that  Board.  Let  this  tra- 
jebled  part  of  the  Light  fall  again  upon  the  middle  of  the 
fecond  Board  d  e  and  there  paint  fuch  an  oblong  coloured 
Image  of  the  Sun  as  was  defcribed  in  the  third  Experiment. 

By 
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By  turning  the  Prifm  ABC  (lowly  to  and  fro  about  its 
Axis  this  Image  will  be  made  to  move  up  and  down  the 
Board  d  e,  and  by  this  means  all  its  parts  from  one  end  to 
the  other  may  be  made  to  pafs  fucceflively  through  the 
hole  g  which  is  made  in  the  middle  of  that  Board.  In  the 
mean  while  another  Prifm  ab  c  is  to  be  fixed  next  after 
that  hole  g  to  refract  the  trajedted  Light  a  fecond  time. 
And  thefe  things  being  thus  ordered,  I  marked  the  places 
M  and  N  of  the  oppofite  Wall  upon  which  the  refra&ed 
Light  fell, and  found  that  whilft  the  two  Boards  and  fecond 
Prifm  remained  unmoved,  thofe  places  by  turning  the  firft 
Prifm  about  its  Axis  were  changed  perpetually.  For  when 
the  lower  part  of  the  Light  which  fell  upon  the  fecond 
Board  d  e  was  call  through  the  hole  g  it  went  to  a  lower 
place  M  on  the  Wall ,  and  when  the  higher  part  of  that 
Lighc  was  caft  through  the  fame  holey,  it  went  to  a  higher 
place  N  on  the  Wall,  and  when  any  intermediate  part  of 
the  Light  was  caft  through  that  hole  it  went  to  fome  place 
on  the  W all  between  M  and  N.  The  unchanged  Pofition 
of  the  holes  in  the  Boards,  made  the  Incidence  of  the  Rays 
upon  the  fecond  Prifm  to  be  the  fame  in  all  cafes.  And 
yet  in  that  common  Incidence  fome  of  the  Rays  were  more 
refradted  and  others  lefs.  And  thofe  were  more  refradbed 
in  this  Prifm  which  by  a  greater  Refradtion  in  the  firft 
Prifm  were  more  turned  out  of  the  way,  and  therefore  for 
their  conftancy  of  being  more  reftadled  are  defervedly  cal¬ 
led  more  Refrangible. 

Exper.  7.  At  two  holes  made  near  one  another  in  my 
Window-fihut  I  placed  two  Prifms  ,  one  at  each,  which 
might  caft  upon  the  oppofite  Wall  (after  the  manner  of 
the  third  Experiment )  two  oblong  coloured  Images  of  the 
Sun.  And  at  a  little  diftance  from  the  Wall  I  placed  a 
long  (lender  Paper  with  ftraight  and  parallel  edges,  and 

ordered 


ordered  the  Prifms  and  Paper  f b y  that  the  red  Colour  of 
one  Image  might  fall  directly  upon  one  half  of  the  Paper, 
and  the  violet  colour  of  the  other  Image  upon  the  other 
half  of  the  fame  Paper;  fo  that  the  Paper  appeared  of  two 
Colours ,  red  and  violet  ,  much  after  the  manner  of  the 
painted  Paper  in  the  firft  and  fecond  Experiments.  Then 
with  a  black  Cloth  I  covered  the  Wall  behind  the  Paper, 
that  no  Light  might  be  reflected  from  it  to  difturb  the 
Experiment,  and  viewing  the  Paper  through  a  third  Prifm 
held  parallel  to  it,  I  faw  that  half  of  it  which  was  illumi¬ 
nated  by  the  Violet-light  to  be  divided  from  the  other 
half  by  a  greater  Refraction,  efpecially  when  I  went  a  good 
way  off  from  the  Paper.-  For  when  I  viewed  it  too  near 
at  hand,  the  two  halfs  of  the  Paper  did  not  appear  fully 
divided  from  one  another,  but  feemed  contiguous  at  one 
of  their  Angles  like  the  painted  Paper  in  the  firft  Expe¬ 
riment.  Which  alfo  happened  when  the  Paper  was  too 
broad. 

Sometimes  inftead  of  the  Paper  I  ufed  a  white  Thved, 
and  this  appeared  through  the  Prifm  divided  into  two  Pa¬ 
rallel  Threds  as  is  reprelented  in  the  19th  Figure,  where  Fg*.  19. 
D  G  denotes  the  Thred  illuminated  with  violet  Light 
from  D  to  E  and  with  red  Light  from  F  to  G,  and  d  c  fg 
are  the  parts  of  the  Thred  feen  by  Refraction.  If  one  hall 
of  the  Thred  be  conftantly  illuminated  with  red,  and  the 
other  half  be  illuminated  with  all  the  Colours  fucceflively, 

(which  may  be  done  by  caufing  one  of  the  Prifms  to  be 
turned  about  its  Axis  whilft  the  other  remains  unmoved) 
this  other  half  in  viewing  the  Thred  through  the  Prifm, 
will  appear  in  a  continued  right  Line  with  the  firft  half 
when  illuminated  with  red  ,  and  begin  to  be  a  little  divi¬ 
ded  from  it  when  illuminated  with  Orange,  and  remove 
.further  from  it  when  illuminated  with  Yellow,  and  ftill 

E  further 
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further  when  with  Green,  and  further  when  with  Blew,  and 
go  yet  further  off  when  illuminated  with  Indigo,  and  fur- 
theft  when  with  deep  Violet.  Which  plainly  fliews,  that 
the  Lights  of  feveral  Colours  arc  more  and  more  Refran¬ 
gible  one  than  another,  in  this  order  of  their  Colours,  Red, 
Orange,  Yellow,  Green,  Blew,  Indigo,  deep  Violet  ■  and 
fo  proves  as  well  the  firft  Propofition  as  the  fecond. 

pi?.  17.  I  caufed  alio  the  coloured  SpeCtrums  P  T  and  MN 
made  in  a  dark  Chamber  by  the  Refractions  of  two  Prifms 
to  lye  in  a  right  Line  end  to  end,  as  was  dclcribcd  above 
in  the  fifth  Experiment,  and  viewing  them  through  a  third 
Prifm  held  Parallel  to  their  length,  they  appeared  no  longer 
in  a  right  Line,  but  became  broken  from  one  another,  as 
they  are  reprefented  at  pt  and  m  n,  the  violet  end  rn  of  the 
Spedtrum  m  n  being  by  a  greater  RcfraCtion  tranfiated 
further  from  its  former  place  M  T  than  the  red  end  /  of  the- 
other  SpeCtrum  p  t. 

fi<r.  20.  I  further  caufed  thofe  two  SpcCtrums  P  T  and  MN  to> 
become  co-incident  in  an  inverted  order  of  their  Colours, 
the  red  end  of  each  falling  on  the  violet  end  of  the  other, 
as  they  are  reprefented  in  the  oblong  Figure  P  T  M  N  5 
and  then  viewing  them  through  a  Prifm  D  H  held  Paral¬ 
lel  to  their  length,  they  appeared  not  co-incident  as  when 
viewed  with  the  naked  Eye ,  but  in  the  form  of  two  di- 
ftind  SpeCtrums  pt  and  m  n  crofting  one  another  in  the 
middle  after  the  manner  of  the  letter  X.  Which  fhews 
that  the  red  of  the  one  SpeCtrum  and  violet  of  the  other, 
which  were  co-incident  at  P  N  and  M  T  ,  being  parted 
from  one  another  by  a  greater  RcfraCtion  of  the  violet  to 

P  and  m  than  of  the  red. to  n  and  f,  do  differ  in  degrees  of 
Refrangibility.  n 

I  illuminated  alfo  a  little  circular  piece  of  white  Paper 
all  over  with  the  Lights  of  both  Prifms  intermixed,'  and 

when 
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when  ic  was  illuminated  with  the  red  of  one  Spedrrum  and 
deep  violet  of  the  other  ,  fo  as  by  the  mixture  of  thofc 
Colours  to  appear  all  over  purple  ,  I  viewed  the  Paper, 
firft  at  a  lefs  dillance  ,  and  then  at  a  greater ,  through  a 
third  Prilm  $  and  as  I  went  from  the  Paper,  the  refracted 
Image  thereof  became  more  and  more  divided  by  the  un¬ 
equal  Ref  rail  ion  of  the  two  mixed  Colours,  and  at  length 
parted  into  two  dillinct  Images,  a  red  one  and  a  violet  one, 
whereof  the  violet  was  lurthcll  from  the  Paper,  and  there¬ 
fore  luifered  the  grcarcil  Refraction.  And  when  that  Prilm 
at  tiie  Window  which  call  the  violet  on  the  Paper  was  ta¬ 
ken  away, the  violet  Image  diJappearedj  but  when  the  other 
Prilm  was  taken  away  the  red  vanilhed  :  which  (hews  that 
theh  tuo  Images  were  nothing  die  than  the  Lights  of  the 
two  Pnlms  which  had  been  intermixed  on  the  purple  Pa¬ 
per,  but  were  parted  again  by  their  unequal  Refractions 
made  in  the  third  Pnlin  through  which  the  Paper  was 
viewed.  I  his  alio  was  oblervable  that:  if  one  of  the 
Pi i fins  at  the  Window,  luppole  that  which  call  the  violet 
on  the  Paper,  was  turned  about:  its  Axis  to  make  all  the 
Colours  in  this  order,  Violet,  Indigo,  Blew,  Green,  Yel¬ 
low,  Orange,  Red,  fail  fuccdlivdy  on  the  Paper  from  thar 
Prilm,  the  violet  Image  changed  Colour  accordingly,  and 
in  changing  Colour  came  nearer  to  the  red  one,  until  when 
it  was  alio  red  they  both  became  fully  co-incident. 

I  placed  alto  two  paper  circles  very  near  one  another, 
the  one  in  the  red  Light  of  one  Prilm,  and  the  other  in 
the  violet  Light  of  the  other.  The  circles  were  each  of 
them  an  Inch  in  Diameter,  and  behind  them  the  Wall  was 
dark  that  the  Experiment  might  not  be  dillurbed  by  any 
Light  coming  from  thence.  Tilde  circles  thus  illuminated, 

I  viewed  through  a  Prifm  fo  held  that  the  Refraction  might 
be  made  towards  the  red  circle,  and  as  I  went  from  them 

L  1  they 
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they  came  nearer  and  nearer  together,  and  at  length  b&- 
came  co-incident  $  and  afterwards  when  I  went  frill  further 
off,  they  parted  again  in  a  contrary  order,  the  Violet  by  a 
greater  Refraction  being  carried  beyond  the  red.  ife 

Exper.  8.  In  Summer  when  the  Sun’s  Light  ufes  to 
be  ftrongeft,  I  placed  a  Prifm  at  the  hole  of  the  Window- 
lhut,  as  in  the  third  Experiment,  yet  fo  that  its  Axis  might 
be  Parallel  to  the  Axis  of  the  World,  and  at  the  oppofite 
Wall  in  the  Sun’s  refracted  Light,  I  placed  an  open  Book. 
Then  going  Six  Feet  and  two  Inches  from  the  Book,,  P 
placed  there  the  abovementioned  Lens, by  which  the  Light 
reflected  from  the  Book  might  be  made  to  converge  and 
meet  again  at  the  diftance  of  fix  Feet  and  two  Inches  be¬ 
hind  the  Lens  ,  and  there  paint  the  Species  of  the  Book 
upon  a  flieet  of  white  Paper  much  after  the  manner  of  the: 
fecond  Experiment.  The  Book  and  Lens  being  made  fall, 

I  noted  the  place  where  the  Paper  was,  when  the  Letters 
of  the  Book,  illuminated  by  the  fulleft  red  Light  of  the 
Solar  Image  falling  upon  it,  did  call  their  Species  on  that 
Paper  moll  diftinCtly  $  And  then  I  ftayd  till  by  the  Mo¬ 
tion  of  the  Sun  and  confequent  Motion  of  his  Image  on 
the  Book,  all  the  Colours  from  that  red  to  the  middle  of 
the  blew  pafs’d  over  thole  Letters;  and  when  thole  Letters: 
were  illuminated  by  that  blew,  I  noted  again  the  place  of" 
the  Paper  when  they  call  their  Species  moll  diftinCtly  upon 
it  :  And  I  found  that  this  lall  place  of  the  Paper  was  nearer 
to  the  Lens  than  its  former  place  by  about  two  Inches  and 
an  half,  or  two  and  three  quarters.  So  much  fooner  there- 
fore  did  the  Light  in  the  violet  end  of  the  Image  by  a  grea¬ 
ter  Refraction  converge  and  meet ,  than  the  Light  in  the 
red  end.  But  in  trying  this  the  Chamber  was  as  dark  as  I 
could  make  it.  For  if  thefe  Colours  be  diluted  and  weak- 
ned  by  the  mixture  of  any  adventitious  Light,  the  diftance 

between. 
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between  the  places  of  the  Paper  will  not  be  fo  great.  This 
^iftance  in  the  fecond  Experiment  where  the  Colours  of 
natural  Bodies  were  made  ufe  of,  was  but  an  Inch  and  a 
half,  by  reafon  oi  the  imperfection  of  thofe  Colours.  Here 
in  the  Colours  of  the  Pnfm  ,  which  are  manifeftly  more 
full,  inteufe,  ami  lively  than  thofe  of  natural  Bodies,  the 
diftance  is  two  Inches  and  three  quarters.  And  were  the.. 
Colours  Hill  move  full  ,  I  queftion  not  but  that  the  di¬ 
ftance  v,  ould  be  eoniiderably  greater.  For  the  coloured 
Light  of  the  Priiin,  l>y  the  interfering  of  the  Circles  de- 
ferihed  in  the  1  uh  Figure  of  the  fifth  Experiment,  and  alfo 
by  the  Light  of  the  very  bright  Clouds  next  the  Sun’s 
Body  intermixing  with  rhefe  Colours,  and  by  the  Light 
■{cattcred  by  the  inequalities  in  the  polilh  of  the  Pulm,  was 
fo  very  much  compounded,  that  the  Species  which  thofe 
faint  and  dark  (  adoni  s,  the  Indigo  and  Violet,  caft  upon 
the  Paper  w ere  not  diitmCt  enough  to  be  well  obferved. 

/  x/’  >.  <j.  A  Priiin,  whole  two  Angles  at  its  Bafe  were 
equal  to  one  another  and  half  right  ones,  and  the  third 
a  righr  one,  I  placed  in  abeam  of  the  Sun’s  Light  let  in¬ 
to  a  dark  Clumber  through  a  hole  in  the  Window- fhut 
as  in  t  he  third  Experiment.'  And  turning  the  Prifm  flowly 
about  its  Axis  until  all  the  Light  which  went  through  one 
of  its  Angles  and  was  teiracted  by  it  began  to  be  reflected 
by  its  Balt,  at  which  nil  then  it  went  out  of  the  Glafs, 
I  obferved  that  thofe  Rays  which  had  ftiffered  the  greateft 
Refraction  were  fooncr  reflected  than  the  reft.  I  conceived 
therefore  that  thole  Rays  of  the  reflected  Light,  which 
were  mull  Refrangible,  did  firft  of  all  by  a  total  Reflexion 
become  more  copious  in  that  Light  than  the  reft ,  and 
that  afterwards  the  veil  alfo,  by  a  total  Reflexion,  be¬ 
came  as  copious  as  thefe.  To  try  this  ,  I  made  the  re¬ 
flected  Light  pals  through  another  Prifm,  and  being  refra- 
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<£ted  by  it  to  fall  afterwards  upon  a  fleet  of  white  Paper 
placed  at  fome  diftance  behind  it,  and  there  by  that  Re- 
•fra&ion  to  paint  the  ufual  Colours  of  the  Prifm.  And 
then  caufing  the  firft  Prifm  to  be  turned  about  its  Axis  as 
above,  I  obferved  that  when  thofeRays  which  in  this  Prifm 
had  fuffered  the  greateft  Refraction  and  appeared  of  a  blew 
and  violet  Colour  began  to  be  totally  reflected ,  the  blew 
and  violet  Light  on  the  Paper  which  was  molt  refra&ed 
in  the  fecond  Prifm  received  afenlible  increafe  above  that 
of  the  red  and  yellow,  which  was  leaft  refradted  ;  and 
afterwards  when  the  reft  of  the  Light  which  was  green, 
yellow  and  red  began  to  be  totally  reflected  in  the  firft 
Prifm,  the  light  of  thofe  Colours  on  the  Paper  received  as 
great  an  increafe  as  the  violet  and  blew  had  done  before. 
Whence  ’tis  manifeft,  thar  the  beam  of  Light  reflected  by 
the  Bafe  of  the  Prifm,  being  augmented  firft  by  the  more 
Re-frangible  Rays  and  afterwards  by  the  lefs  Refrangible 
•ones,  is  compounded  of  Rays  differently  Refrangible. 
And  that  all  inch  reflected  Light  is  of  the  fame  Nature 
with  the  Sun’s  Light,  before  its  Incidence  on  the  Bafe  of 
the  Prifm,  no  Man  ever  doubted  :  it  being  generally  al¬ 
lowed,  that  Light  by  fuch  Reflexions  fuffers  no  Alteration 
in  its  Modifications  and  Properties.  I  do  not  here  take 
notice  of  any  Refradlions  made  in  the  Sides  of  the  firft 
Prifm,  becaufe  the  Light  enters  it  perpendicularly  at  the 
firft  Side,  and  goes  out  perpendicularly  at  the  fecond  Side, 
and  therefore  fuffers  none.  So  then,  the  Sun’s  incident 
Light  being  of  the  fame  temper  and  conftitution  with  his 
emergent  Light,  and  the  laft  being  compounded  of  Rays 
differently  Refrangible ,  the  firft  muft  be  in  like  manner 
compounded. 

Fig.  ix.  ^  Ittujlration.  In  the  21th  Figure,  A  B  C  is  the  firft  Prifm, 

■  c  lts  Bafe>  B  and  C  its  equal  Angles  at  the  Bafe,  each 

of 
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of  45  degrees,  A  its  Rectangular  Vertex,  I'M  a  beam  of 
the  Sun’s  Light  let  into  a  dark  Room  through  a  hole  F 
one  third  part  of  an  Inch  broad,  M  ics  Incidence  on  theBafc 
of  the  Prilm.M  G  a  Ids  refracted  Ray,  AT  H  a  more  refract¬ 
ed  Ray,  MN  the  beam  of  Light  reflected  from  the  Bafe, 
V  X  Y  the  fecund  Pnlm  by  which  this  beam  in  palling 
through  it  is  refracted,  N  f  the  Ids  refraCted  Light  of  this 
beam,  and  "N  p  the  more  refracted  part  thereof.  When  the 
firft  Prilm  A  B  C  is  turned  about  ics  Axis  according  to  the 
order  of  the  Letters  A  BO,  the  Rays  M  II  emerge  more 
and  more  obliquely  out  of  that  Prilm,  and  at  length  after 
their  moll  oblique  Lmcrgencc  arc  rdlcCtcd  towards  N, 
and  going  on  to  />  do  increaic  the  number  of  the  Rays  N  [>. 
Afterwards  by  continuing  the  motion  of  the  full  Prilm,  the 
Rays  M  G  are  alio  reflected  to  N  and  increaic  the  number  of 
the  Rays  N  t.  And  therefore  the  Light  MN  admits  into 
its  Compulsion,  hilt  the  more  Refrangible  Rays,  and  then 
the  Ids  Refrangible  Rays,  and  yet  after  this  Composition 
is  of  the  Line  Nature  with  the  Sun’s  immediate  Light  F  M, 
the  Reflexion  of  the  ipecul.tr  Bale  BC  cauiing  no  Altera¬ 
tion  therein. 

Expir.  i  o.  T wo  Pnlins,  which  were  alike  in  fhape,  I 
tied  fo  together,  that  r heir  Axes  and  oppofice  Sides  being 
Parallel,  they  compolcd  a  Parallelopiped.  And,  the  Sun 
jthining  into  my  datk  Chamber  through  a  little  hole  in  the 
Window-Unit,  1  placed  that  Parallelopiped  in  his  beam  at 
forne  diltauce  from  the  hole,  in  Inch  a  pofturc  that  the  Axes 
of  the  Pnlms  might  lie  perpendicular  to  the  incident  Rays, 
and  that  thole  Rays  being  incident  upon  the  full  Side  of 
one  Prilm,  might  go  on  through  the  two  contiguous  Sides 
of  bosh  Pnlms,  and  <  merge  out  of  the  lalt  Side  of  the  fe¬ 
cund  Prilm.  This  Side  being  Parallel  to  the  fir  ft  Side  of 
the  fiift  Pnlm  ,  caufed  the  emerging  Light  to  be  Parallel 

to 
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to  the  Incident.  Then,  beyond  thefe  two  Prifms  I  placed 
a  third,  which  might  refradt  that  emergent  Light,  and  by 
that  Refra&ion  call:  the  ufual  Colours  of  the  Prifm  upon 
the  oppofite  Wall,  or  upon  a  (beet  of  white  Paper  held  at 
a  convenient  diftance  behind  the  Prifm  for  that  refra&ed 
Light  to  fall  upon  it.  After  this  I  turned  the  Parallelepiped 
about  its  Axis,  and  found  that  when  the  contiguous  Sides 
of  the  wo  Prifms  beeame  fo  oblique  to  the  incident  Rays 
that  thofe  Rays  began  all  of  them  to  be  reflected,  thofe 
Rays  which  in  the  third  Prifm  had  buffered  the  greateft  Re¬ 
fraction  and  painted  the  Paper  with  violet  and  blew,  were 
firft  of  all  by  a  total  Reflexion  taken  out  of  the  tranfmitted 
Light,  the  reft  remaining  and  on  the  Paper  painting  their 
Colours  of  Gfeen,  Yellow,  Orange,  and  Red  as  before  j 
and  afterwards  by  continuing  the  motion  of  the  two  Prifms, 
the  reft  of  the  Rays  alfo  by  a  total  Reflexion  vaniflied  in 
order,  according  to  their  degrees  of  Refrangibility.  The 
Light  therefore  which  emerged  out  of  the  two  Prifms  is 
compounded  of  Rays  differently  Refrangible  ,  feeing  the 
more  Refrangible  Rays  may  be  taken  out  of  it  while  the 
lefts  Refrangible  remain.  But  this  Light  being  traje&ed 
only  through  the  Parallel  Superficies  of  the  two  Prifms,  if 
it  buffered  any  change  by  the  Refraftion  of  one  Superficies 
it  loft  that  impreffion  by  the  contrary  Rcfra&ion  of  cfo 
other  Superficies,  and  fo  being  reftored  to  its  priftine  con* 
ftitution  became  of  the  fame  nature  and  condition  as  at  firft 
before  its  Incidence  on  thofe  Prifms  3  and  therefore,  before 

its  Incidence,  was  as  much  compounded  of  Rays  differently 

/  Refrangible  as  afterwards. 

•%  In  the  nth  Figure  A  B  C  and  6  C  D  are/the 

the  two  Prifms  tied  together  in  the  form  of  a  Parallel^ 

i ieil  nldej^^and  9  B  ^eing  contiguous,' and 
their  Sides  A  B  and  C  D  Parallel.  And  H  J  K  is  the  third 

Prifm, 
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Prifm,  by  which  the  Suns  Light  propagated  through  the 
hole  F  into  the  dark  Chamber,  and  there  palling  through 
th  fe  fides  of  the  Prifms  AB,  BC,  CB  and  CD,  is  refra¬ 
cted  at  O  to  the  white  Paper  PT,  falling  there  partly  upon 
P  by  a  greater  Refraction,  partly  upon  T  by  a  lefs  Refra¬ 
ction,  and  partly  upon  R  and  other  intermediate  places  by 
intermediate  Refractions.  By  turning  the  Parallelopiped 
ACBD  about  its  Axis,  according  to  the  order  of  the  Let¬ 
ters  A,C,D,B,  at  length  when  the  contiguous  Planes  B  C 
and  CB  become  fufficiently  oblique  to  the  Rays  F  M, 
which  are  incident  upon  them  at  M,  there  will  vanifh  to¬ 
tally  out  of  the  refraCted  Light  OPT,  firft  of  all  the  moll 
refraCted  Rays  OP,  (the  reft  OR  and  OT  remaining  as 
before)  then  the  Rays  O  R  and  other  intermediate  ones, 
and  laftly,  the  leaft  refraCted  Rays  O  T.  For  when  the 
Plane  B  C  becomes  fufficiently  oblique  to  the  Rays  inci¬ 
dent  upon  it,  thofe  Rays  will  begin  to  be  totally  reflect¬ 
ed  by  it  towards  N  $  and  firft  the  moft  Refrangible  Rays 
will  be  totally  reflected  (as  was  explained  in  the  preceding 
experiment)  and  by  confequence  muft  firft  difappear  at  P, 
and  afterwards  the  reft  as  they  are  in  order  totally  reflect¬ 
ed  to  N,  they  muft  difappear  in  the  fame  order  at  R  and 
TV  So  then  the  Rays  which  at  O  fuffer  the  greateft  Re¬ 
fraction,  may  be  taken  out  of  the  Light  MO  whilft  the  reft 
of  the  Rays  remain  in  it,  and  therefore  that  Light  MO  is 
Compounded  of  Rays  differently  Refrangible.  And  be- 
caufe  the  Planes  A  B  and  C  D  are  parallel,  and  therefore 
by  equal  and  contrary  Refractions  deftroy  one  anothers 
Effects,  the  incident  Light  F  M  muft  be  of  the  fame  kind 
and  nature  with  the  emergent  Light  M  O,  and  therefore 
doth  alfo  confift  of  Rays  differently  Refrangible.  ;  Thefe 
two  Lights  FM  and  MO, before  the  moft  refrangible  Rays 
are  feparated  out  of  the  emergent  Light  MO  agree  inCo- 

F  lour, 


lour,  and  in  all  other  properties  fo  far  as  mv  obfervatiotr 
reaches,  and  therefore  are  defervedty  reputed  of  the  fame 
Nature  and  Conftitution,  and  by  conference  the  one  is 
compounded  as  well  as  the  other.  But  after  the  raoft  Re¬ 
frangible  Rays  begin  to  be  totally  reflected,  and  thereby 
feparated  out  of  the  emergentLightMO,that  Light  changes 
its  Colour  from  white  to  a  dilute  and  faint  yellow,  a  pretty, 
good  orange,  a  very  full  red  fucceffively  and  then  totally 
vanilhes.  For  after  the  moll  Refrangible  Rays  which  paint 
the  Paper  at  P  with  a  Purple  Colour,  are  by  a  total  re¬ 
flexion  taken  out  of  the  Beam  of  light  M  O,  the  reft  of 
the  Colours  which  appear  on  the  Paper  at  R  and  T  being 
mixed  in  the  light  M  O  compound  there  a  faint  yellow,  , 
and  after  the  blue  and  part  of  the  green  which  appear  on 
the  Paper  between  P  and  R  are  taken  away,  the  reft  which 
appear  between  R  and  T  (that  is  the  Yellow,  Orange,  Red 
and  a  little  Green)  being  mixed  in  the  Beam  M  O  com¬ 
pound  there  an  Orange $  and  when  all  the  Rays  are  by  re- 
fiexiontaken  out  of  the  Beam  MO,  except  the  leaftRerran- 
gible,  which  at  T  appear  of  a  full  Red,  their  Colour  iff 
the  fame  in  that  Beam  M  O  as  afterwards  at  T,  the  Re¬ 
fraction  of  the  Prifm  HJK  ferving  only  to  feparate  the 
differently  Refrangible  Rays,  without  making  any  alteration 
in  their  Colours,  as  {hall  be  more  fully  proved  hereafter 
All  which  confirms  as  well  the  firft  Proportion  as  the  fe- 
eond. 


Scholium.  If  this  Experiment  and  the  former  be  conjoyned 
and  made  one,  by  applying  a  fourth  Prifm  VXY  tote> 
fra<ft  the  reflected  Beam  M  N  towards  tj),  the  conclufion 
wi|l  be  clearer.  For  then  the  light  Np  which  in  the  4th 
Prifm  is  more  refrafted,  will  become  fuller 
when  the  Light  O  P,  which  in  the  third 
more  refracted,  vanilhes  at  P  5  and 
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refraded  Light  OT  vanifhes  at  T,the  lefs  refracted  Light 
Nt  will  become  encreafed  whilft  the  move  refraded  Light 
at  p  receives  no  further  encreafe.  And  as  the  crajcded 
Beam  M  O  in  vanifliing  is  always  ol  fuch  a  Colour  as 
ought  to  rcfult  from  the  mixture  of  the  Colours  which 
fall  upon  the  Paper  P  T,  fo  is  the  reflected  Beam  MN  al¬ 
ways  of  fuch  a  Colour  as  ought  to  rcfult  from  the  -mix¬ 
ture  of  the  Colours  which  fall  upon  the  Paper  pt.  For 
when  the  mod  refrangible  Rays  are  by  a  total  Reflexion 
taken  out  of  the  Beam  M  O,  and  leave  that  Beam  of  an 
Orange  Colour,  the  excels  of  thofe  Rays  in  the  refleded 
Light,  does  not  only  make  the  Violet,  Indigo  and  Blue  at 
p  more  full,  but  alio  makes  the  Beam  M.  N  change  from 
the  yellowifli  Colourof  the  Sun’sLiglu,  to  a  pale  white  in¬ 
clining  to  blue,  and  afterward  recover  its  yellowifli  Co¬ 
lour  again,  fo  loon  as  all  the  veil  of  the  tranfmitted  light 
MOT  is  reflected. 

Now  feeing  that  in  all  this  variety  of  Experiments, 
whether  the  trial  be  made  in  Light  reflected,  and  that  either 
from  natural  Bodies,  as  in  the  firft  and  fecond  Experiment, 
or  Specular,  as  in  the  Ninth  3  or  in  Lighc  refraded,  and 
that  either  before  the  unequally  refraded  Rays  are  by  di¬ 
verging  leparaced  from  one  another,  and  loling  their  whitc- 
nefs  which  they  have  altogether,  appear  feverally  of  feve- 
ral  Colours,  as  in  the  fifth  Experiment  3  or  after  they  are 
feparaced  from  one  another,  and  appear  Coloured  as  in  the 
fixth,  levench,  and  eighth  Experiments  3  or  in  Light  tra- 
jeded  through  Parallel  fupcrficics,  deftroying  each  others 
Eflfeds  as  in  the  t  oth  Experiment  5  there  are  always  found 
Rays,  which  at  equal  Incidences  on  the  fame  Medium  fuf- 
fer  unequal  Rcfradions,  and  chat  without  any  Iplitcing  or 
dilating  of  Angle  Rays,  or  contingence  in  the  inequality 
of  the  Refradiom,  as  is  proved  in  the  fifth  and  fixth  1.x- 

E  z  periments  3 
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periments  5  and  feeing  the  Rays  which  differ  in  Refrangibb 
lity  may  be  parted  and  forced  from  one  another,  and  that 
either  by  Refradtion  as  in  the  third  Experiment,  or  by  Re¬ 
flexion  as  in  the  tenth,  and  then  the  feveral  forts  apart  at 
equal  Incidences  fuffer  unequal  Refradtions,  and  thofe  forts 
are  more  refradfed  chan  others  after  feparation,  which  were 
more  refracted  before  it,  as  in  the  fixth  and  following  Ex¬ 
periments,  and  if  the  Sun’s  Light  be  trajedted  through  three 
or  more  crofs  Prifms  fuccelfrvely,  thofe  Rays  which  in  the 
firft  Prifm  are  refradted  more  than  others  are  in  all  the  fol¬ 
lowing  Prifms,  refradted  more  then  others  in  the  fame  rate 
and  proportion,  as  appears  by  the  fifth  Experiment  5  it’s 
manifeft  that  the  Sun’s  Light  is  an  Heterogeneous  mixture  of 
Rays,  fome  of  which  are  conftantly  more  Refrangible  then 
others,  as  was  .  .  propofed. 

PROP.  III.  Theor.  III. 

The  Sun  s  Light  confifts  of  (Rays  differing  in  ^flexibility ,  and 
thofe  Rays  are  more  Re flexible  than  others  which  are  more  (Re¬ 
frangible. 

T^HIS  is  manifefl:  by  the  ninth  and  tenth  Experi- 
JL  ments  •  For  in  the  ninth  Experiment,  by  turning 
the  Prifm  about  its  Axis,  until  the  Rays  within  it  which  in 
going  out  into  the  Air  were  refraited  by  its  Bafe,  became 
fo  oblique  to  that  Bafe,  as  to  begin  to  be  totally  reflected 
thereby  3  thofe  Rays  became  firft  of  all  totally  reflected, 
which  before  at  equal  Incidences  with  the  reft  had  fuffered 
the  greateft  Refradtion.  And  the  fame  thing  happens  in 
the  Reflexion  made  by  the  common  Bafe  of  the  two  Prifms 
in  the  tenth  Experiment.. 


9- QQf1. 


[45  ] 


To  feparate  from  one  another  the  Heterogeneous  (Rays  of 

Compound  Light. 


TH  E  Heterogeneous  Rays  are  in  Tome  meafure  fepa- 
rated  from  one  another  by  the  Refraction  of  the 
Prifm  in  the  third  Experiment,  and  in  the  fifth  Experiment 
by  taking  away  the  Penumbra  from  the  Rectilinear  tides  of 
the  Coloured  Image,  that  feparation  in  thofe  very  Rectili¬ 
near  tides  or  ftraight  edges  of  the  Image  becomes  perfect. 

But  in  all  places  between  thofe  rectilinear  edges,  thofe  in¬ 
numerable  Circles  there  defcribed,  which  are  leverally  illu¬ 
minated  by  Homogeneral  Rays,  by  interfering  with  one 
another,  and  being  every  where  commixt,  do  render  the 
Light  fufficiently  Compound.  But  if  thefe  Circles,  whilft 
their  Centers  keep  their  diftances  and  pofitions,  could  be 
made  lefs  in  Diameter,  their  interfering  one  with  another 
and  by  confequence  the  mixture  of  the  Heterogeneous 
Rays  would  be  proportionally  diminifhed.  In  the  a  3  th  Fig.  13. 
Figure  let  AG,  B  H,  C J,  DK,  EL,  F  M  be  the  Circles 
which  fo  many  forts  of  Rays  flowing  from  the  fameDifque 
of  the  Sun,  do  in  the  third  Experiment  illuminate  ;  of  all 
which  and  innumerable  other  intermediate  ones  lying  in  a 
continual  Series  between  the  two  Rectilinear  and  Parallel 


edges  of  the  Suns  oblong  Image  P  T,  that  Image  is  com- 
pofed  as  was  explained  in  the  fifth  Experiment.  And  let 
ag,  bh,  ci ,  dk,  el ,  fm  be  fo  many  lefs  Circles  lying  in 
a  like  continual  Series  between  two  Parallel  right  Lines  a  f 


and  gm  with  the  fame  diftances  between  their  Centers, 
and  illuminated  by  the  fame  forts  of  Rays,  that  is  the 
Circle  ag  with  the  fame  fort  by  which  the  correfponding 

Circle 
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Circle  AG  was  illuminated,  and  the  Circle  bh  with  the  fame 
fortby  which  the  correfponding  Circle  BH  was  illuminated, 
and  the  reft  of  the  Circles  c  t,  dk,  el,  fm  refpedtively, 
with  the  fame  forts  of  Rays  by  which  the  feveral  corre¬ 
fponding  Circles  CJ,  DK,  EL,  FM  were  illuminated. 

,  In  the  Figure  P  T  compofed  of  the  greater  Circles,  three 
of  thofe  Circles  AG,  B  H,  C  J,  are  fo  expanded  into  one 
another,  that  the  three  forts  of  Rays  by  which  thofe  Cir¬ 
cles  are  illuminated,  together  with  other  innumerable  forts 
of  intermediate  Rays,  are  mixed  at  Q.R  in  the  middle  of 
the  Circle  B  H.  And  the  like  mixture  happens  through- 
out  almoft  the  whole  length  of  the  Figure  P  T.  But  in 
the  Figure  p  t  compofed  of  the  lefs  Circles,  the  three  lefs 
-  Circles  ag,  b  b,  c  i,  which  anfwer  to  thofe  three  greater,  dp 
not  extend  into  one  another;  nor  are  there  any  where 
mingled  fo  much  as  any  two  of  the  three  forts  of  Rays 
by  which  thofe  Circles  are  illuminated,  and  which  in  the 
Figure  P  T  are  all  of  them  intermingled  at  B  H. 

Now  he  that  fhall  thus  confider  it,  will  eafily  underftattd 
that  the  mixture  is  diminifhed  in  the  fame  Proportion 
with  the  Diameters  of  the.  Circles.  If  the  Diameters  of 
the  Circles  whilft  their  Centers  remain  the  fame,  be  made 
three  times  lefs  than  before,  the  mixture  will  be  alfo  three 
times  lefs;  if  ten  times  lefs,  the  mixture  will  be  ten  times 
lefs,  and  fo  of  other  Proportions.  That  is,  the  mixture 
of  the  Rays  in  the  greater  Figure  P  T  will  be  to  their  mix- 
ture  in  the  lefs  p  t,  as  the  Latitude  of  the  greater  Figure  is 
to  the  Latitude  of  the  lefs.  For  the  Latitudes  of  tbefe  Fi¬ 
gures  arc  equal  to  the  Diameters  of  their  Circles.  And 
hence  it  eafily  follows,  that  the  mixture  of  the  Rays  in  the 
refradted  Spectrum  p  t  is  to  the  mixture  of  the  Rays  in  the 
direct  and  immediate  Light  of  the  Sun,  as  the  breadth  of 
that  Spedtrum  is  to  the  difference  between  the  length  and 
breadth  of  the  fame  Spedtrum.  So 
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So  then,  if  we  would  diminifli  the  mixture  of  the  Rays, 
we  are  to  diminifli  the  Diameters  of  the  Circles.  Now 
thefe  would  be  diminifhed  if  the  Sun’s  Diameter  to  which 
they  anfwer  could  be  made  lefs  than  it  is,  or  (which  comes' 
to  the  fame  purpofc)  if  without  Doors,  at  a  great  diftance 
from  the  Prifm  towards  the  Sun,  fome  opake  body  were 
placed,  With  a  round  hole  in  the  middle  of  it,  to  intercept 
all  the  Sun’s  Light,  excepting  fo  much  as  corning  from 
the  middle  of  his  Body  could  pa/s  through  that  hole  to 
the  Prifm.  For  io  the  Circles  A  G,  B  H  and  the  reft, 
would  not  any  longer  anfwer  to  the  whole  Difque  of  the 
Sun  ,  but  only  to  that  part  of  it  which  could  be  feen 
from  the  Prifm  through  that  hole,  that  is  to  the  apparent 
magnitude  of  that  hole  viewed  from  the  Prifm.  But  that 
thefe  Circles  may  anfwer  more  diftinftly  to  that  hole  a 
Lens  is  to  be  placed  by  the  Prifm  to  caft  the  Image  of  the 
hole,  (that  is,  every  one  of  the  Circles  A  G,  BH,  &c.)  di- 
ftinCtly  upon  the  Paper  at  P  T,  after  fuch  a  manner  as  by 
a  Lens  placed  at  a  Window  the  Species  of  Objects  abroad 
arc  caft  diftindtly  upon  a  Paper  within  the  Room,  and  the 
Rectilinear  Sides  of  the  oblong  folar  Image  in  the  fifth 
Experiment  became  diftintft  without  any  Penumbra.  If 
this  be  done  it  will  not  be  nec diary  to  place  chat  hole 
very  far  off,  no  not  beyond  the  Window.  And  therefore 
inftead  of  that  hole,  I  ufed  the  hole  in  the  Window-flint 
as  follows. 

Exper.  i  i .  In  the  Sun’s  Light  let  into  my  darkned 
Chamber  through  a  (mail  round  hole  in  my  Window- 
fiuir,  at  about  to  or  tz  Feet  from  the  Window,  I  placed 
a  Lens ,  by  which  the  Image  of  the  hole  might  be  di- 
ftindly  caft  upon  a  Ihcec  of  white  Paper,  placed  at  the 
diftance  of  fix,  eight,  ten  or  twelve  Feet  from  the  Lens. 
For  according  to  the  difference  of  the  Lenfes  I  ufed  various 

diftances, 
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diftances ,  which  I  think  not  worth  the  while  to  defcribe. 
Then  immediately  after  the  Lens  I  placed  a  Prifm,  by 
which  the  trajedted  Light  might  be  refradted  either  up¬ 
wards  or  Tideways,  and  thereby  the  round  Image  which 
the  Lens  alone  did  call  upon  the  Paper  might  be  drawn 
out  into  a  long  one  with  Parallel  Sides ,  as  in  the  third 
Experiment.  This  oblong  Image  I  let  fall  upon  another 
Paper  at  abouc  the  fame  diftance  from  the  Prifm  as  be¬ 
fore,  moving  the  Paper  either  towards  the  Prifm  or  from, 
it,  until  I  found  the  juft  diftance  where  the  Redfcilinear 
Sides  of  the  Image  became  moft  diftindE  For  in  this  cafe 
the  circular  Images  of  the  hole  which  compofe  that  Image 
after  the  fame  manner  that  the  Circles  ag,  bh ,  ci,  See.  do 
i  ’ .  the  Figure  p  f,  were  terminated  moft  diftindtly  without  any 
Penumbra,  and  therefore  extended  into  one  another  the 
leaft  that  they  could,  and  by  confequence  the  mixture  of 
the  Heterogeneous  Rays  was  now  the  leaft  of  all.  By  this 
1 3 ,  means  I  ufed  to  form  an  oblong  Image  (fuch  as  is  p  t)  of 
24.  circularlmages  of  the  hole  (fuch  as  are  ag,  bh,  ci,  See.) 
and  by  uiing  a  greater  or  lefs  hole  in  the  Window-fhut,  I 
made  the  circular  Images  ag,  b  h,  c  i,  See.  of  which  it  was 
formed,  to  become  greater  or  lefs  at  pleafure,  and  thereby 
the  mixture  of  the  Rays  in  the  Image  pt  to  be  as  much 
or  as  little  as  I  defired. 

24.  Uluft  ration.  In  the  24th  Figure,  F  reprefents  the  circular 

hole  in  the  Window-fhut,  M  N  the  Lens  whereby  the 
Image  or  Species  of  that  hole  is  caft  diftindtly  upon  a 
Paper  at  J,  ABC  the  Prifm  whereby  the  Rays  are  at  their 
emerging  out  of  the  Lens  refradted  from  J  towards  ano¬ 
ther  Paper  at  pt,  and  the  round  Image  at  J  is  turned  into 
an  oblong  Image  p  t  falling  on  that  other  Paper.  This 
Image  p  t  confifts  of  Circles  placed  one  after  another  in  a 
Resftilinear  order,  as  was  fufficiently  explained  in  the  fifth 

Experiment} 
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Experiment  5  and  thefe  Circles  are  equal  to  the  Circle  t, 
and  confcqucntly  anfwer  in  Magnitude  to  the  hole  F  5  and 
therefore  by  diminilhing  that  hole  they  may  be  at  pleafure 
diminiflicd  ,  whil’ft  their  Centers  remain  in  their  places. 
By  this  means  I  made  the  breadth  of  the  Image  j>  t  to  be 
forty  times,  and  fometimes  fixty  or  feventy  times  lefs  than 
its  length.  As  for  inftancc,  if  the  breadth  of  the  hole  F 
be  ■„  of  an  Inch,  and  M  F  the  diftance  of  the  Lens  from 
the  hole  be  1 2  Feet  ^  and  if  (>  B  or  p  M  the  diftance  of 
the  Image  pt  from  the  Prifm  or  Lens  be  10  Feet,  and  the 
refraiitmg  Angle  of  the  Prifm  be  62  degrees,  the  breadth 
of  the  Image  J>  t  will  be  ~  of  an  Inch  and  the  length  about 
fix  Inches,  and  therefore  the  length  to  the  breadth  as  72 
to  t,  and  by  confequence  the  Light  of  this  Image  71  times 
lefs  compound  than  the  Sun’s  ciircdt  Light.  And  Light 
thus  far  Simple  and  Homogencal,  is  ftifficienc  for  trying 
all  the  Experiments  in  this  Book  about  fimplc  Light.  For 
the  compulsion  of  Hccerogcneal  Rays  is  in  this  Light  fo 
little  that  it  is  fcarce  to  be  difeovered  and  perceived  by 
■fenfe,  except  perhaps  in  the  Indigo  and  Violet  5  for  thefe 
being  dark  Colours,  do  ealily  fuffer  a  fcnfible  allay  by  that 
little  I'cattet'ing  Light  which  ufes  to  be  refratfted  irregularly 
by  the  inequahtets  of  the  Prifm, 

Yet  infte.nl  of  the  circular  hole  F,  tis  better  to  fiibfti- 
ttue  an  oblong  hole  limped  like  a  long  Parallelogram 
with  its  length  Parallel  to  the  Prifm  A  B  C.  For  if  this 
hole  be  an  Inch  or  two  long,  and  but  a  tenth  or  twentieth 
part  of  an  Inch  broad  or  narrower :  the  Light  of  the  Image 
p  t  will  be  as  Simple  as  before  or  fhnpler,  and  the  Image 
will  become  much  broader,  and  therefore  more  fit  to  have 
Experiments  tried  in  irs  Light  than  before. 

Inftead  of  this  Parallelogram-hole  may  be  fubfticutcd  a 
Triangular  one  of  equal  Sides,  whole  Bale  for  inftancc  is 

G  about 
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about  the  tenth  part  of  an  Inch,  and  its  height  an  Inch  or 
more.  For  by  this  means  ,  if  the  Axis  of  the  Prifin  be 
Parallel  to  the  Perpendicular  of  the  Triangle  ,  the  Image 
fig.  25.  p  t  will  now  be  formed  of  Equicrural  Triangles  ag,  b h,  ci, 
°  d-\,  e  l,  f  m,  Sec.  and  innumerable  other  intermediate  ones 

anfwering  to  the  Triangular  hole  in  lhape  and  bignefs,and 
lying  one  after  another  in  a  continual  Series  between  two 
Parallel  Lines  af  zndgtn.  Thefc  Triangles  are  a  little 
intermingled  at  their  Bafes  but  not  at  their  Vertices,  and 
therefore  the  Light  on  the  brighter  fide  a  f  of  the  Image 
where,  the  Bafes  of  the  Triangles  are  is  a  little  compounded, 
but  on  the  darker  fide  g  m  is  altogether  uncompounded, 
and  in  all  places  between  the  fides  the  Compofition  k 
Proportional  to  the  diftances  of  the  places  from  that  qW 
feurer  fide  g  m.  And  having  a  Spedh'iim  p  t  of  fuch  a 
Compofition,  we  may  try  Experiments  either  in  its  ftronser 
and  lefs  fimple  Light  near  the  fide  <tf\  or  in  its  weaker 
and  fimpler  Light  near  the  other  fide  l  m,  as  it  {hall  feem 
moft  convenient. 

But  in  making  Experiments  of  this  kind  the  Chamber, 
ought  to  be  made  as  dark  as  can  be,  leaffc  any  for  reign 
Eight  mingle  it  felf  with  the  Light  of  the  Spedtrum  p  f,. 
and  render  it  compound  5  cfpecially  if  we  would  try  Ex¬ 
periments  in  the  more  fimple  Light  next  the  fide  g  m  of 
the  Spedtrum;  which  being  fainter,  will  have  a  left  Pro¬ 
portion  to  the  forreign  Light,  and  fo  by  the  mixture  of 
that  Light  be  more  troubled  and  made  more  compound.. 
The  Lens  alfo  ought  to  be  good,  fuch  as  may  ferve  for 
Optical  Ufes,  and  the  Prifm  ought  to  have  a  large  Angle,, 
fuppofe  of  70  degrees,  and  to  be  well  wrought,  being 
made  ofGlafs  free  from  Bubbles  and  Veins,  with  its  fides 
not  a  little  Convex  or  Concave  as  ufually  happens  but 
truly  Plane, and  its  pollifir  elaborate,  as  in  working  Optick- 
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glades  j  and  not  fuch  as  is  ufually  wrought  with  Putty, 
whereby  the  edges  of  the  Sand-holes  being  worn  away, 
there  are  left  all  over  the  Glafs  a  numberlefs  company  of 
very  little  Convex  polite  rifings  like  Waves.  The  edges 
alfo  of  the  Prifm  and  Lens  fo  far  as  they  may  make  any 
irregular  Refradtion,  mull  be  covered  with  a  black  Paper 
glewed  on.  And  all  the  Light  of  the  Suns  beam  let  into 
the  Chamber  which  is  ufelefs  and  unprofitable  to  the  Ex¬ 
periment,  ought  to  be  intercepted  with  black  Paper  or  other 
black  Obftacles.  For  otherwife  the  ufelefs  Light  being 
refledkd  every  way  in  the  Chamber ,  will  mix  with  the 
oblong  Spectrum  and  help  to  difturb  it.  In  trying  theft 
things  fo  much  Diligence  is  not  altogether  neceflary,  but 
it  will  promote  the  fuccefs  of  the  Experiments  ,  and  by  a 
very  fcrupulous  Examiner  of  things  deferves  to  be  applied. 
Its  difficult  to  get  glafs  Prifms  fit  for  this  purpoft,  and 
and  therefore  I  lift'd  fometimes  Prifmatick  Veftels  made 
with  pieces  of  broken  Looking-glades,  and  filled  With  rain 
Water.  And  to  increafe  the-  Refradtion,  I  fometimes  im¬ 
pregnated  the  Water  ftrongly  with  Saccharum  Saturni, 

P  R  0  P.  V.  Theor.  IV. 

Homogene al  Light  is  refraEled  regularly  without  any-  “Dilatation 
fplitting  or  /battering  of  the  ti^ays  ,  and  the  confufed  Vijton 
of  ObjeSls  feen  through  ffefraWmg  Dodies  by  Heterogeneal 
Light  arifes  from:  the  different  Sfefrangibitity  of  federal  forts 
of  %f.  ;  .  -  \ 

f  |1H  E  fiidt  Part  of  this  Propofition  has  been  already 
1,  diffidently  proved  in  the  filth  Experiment,  and' will 
•further  appear  by  the  Experiments  which  follow! 
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Exper.  \i.  In  the  middle  of  a  black  Paper  !  made  a 
round  hole  about  a  fifth  or  fixth  part  of  an  Inch  in  Dia¬ 
meter.  "Upon  this  Paper  I  caufed  the  Spectrum  of  Horno- 
geneal  Light  defcribed  in  the  former  Proportion ,  fo  to 
fell,  that  fome  part  of  the  Light  might  pafs  through  the 
hole  of  the  Paper.  This  tranfmitted  part  of  the  Light  I 
refracted  with  a  Prifm  placed  behind  the  Paper,  and  let¬ 
ting  this  refracted  Light  fall  perpendicularly  upon  a  white 
Paper  two-  or  three  Feet  diftant  from  the  Prifm,  I  found 
that  the  Spectrum  formed  on  the  Paper  by  this  Light  was 
not  oblong,  as  when  ’tis  made  (in  the  third  Experiment) 
by  Refracting  the  Sun’s  compound  Light,  but  was  (fo  far 
as  I  could  judge  by  my  Eye)  perfectly  circular,  the  length 
being  no  greater  than  the  breadth.  Which  (hews  that  this 
Light  is  refracted  regularly  without  any  Dilatation  of  the 
Rays.  p 

Exper .  15.  In  the  Homogeneal  Light  I  placed  aA Circle 
of(  of  an  Inch  in  Diameter,  and  in  the  Sun’s  unrefraCted 
Heterogeneal  white  Light  I  placed  another  Paper  Circle  of 
the  fame  bignefs.  And  going  from  the  Papers  to  thediftance 
offomeFeet,  I  viewed  both  Circles  through  a  Prilm.  The 
Circle  illuminated  by  the  Sun’s  Heterogeneal  Light  appear¬ 
ed.  very  oblong  as  in  the  fourth  Experiment ,  the  length 
being  many  times  greater  than  the  breadth  :  but  die  other 
Circle  illuminated  with  Homogeneal  Light  appeared  Cir¬ 
cular  and  diftinCtly  defined  as  when  ’tis  viewed  with  the 
naked  Eye.  Which  proves  the  whole  Propofition. 

Exper.  14.  In  the  Homogeneal  Light  I  placed  Flies  and 
iuch  like  Minute  Objects,  and  viewing  them  through  a 
Prifin ,  I  law  their  Parts  as  diftinCtly  defined  as  if  I  had 
■viewed  them  with  the  naked  Eye..  The  fame  ObjeCls  pla¬ 
ced  in  the  Sun  s  unrefraCted  Heterogeneal  Light  which  was 
white  I  viewed,  alfo  through  a  Prifm,  andfaw  them  mol 

confufedly 


confedly  defined,  fo  that  I  could  not  diftinguifh  their  final- 
ler  Parts  from  one  another.  I  placed  alfo  the  Letters  of  a 
fmall  Print  one  while  in  the  Homogeneal  Light  and  then 
in  the  Hcterogeneal,  and  viewing  them  through  a  Prifm, 
they  appeared  in  the  latter  cafe  fo  confufed  and  indiftind 
that  I  could  not  read  them  ;  but  in  the  former  they  ap¬ 
peared  fo  diftimit  that  I  could  read  readily,  and  thought 
I  faw  them  as  dill  met  as  when  I  viewed  them  with  my 
naked  Eye,  In  both  cafes  I  viewed  the  fame  Objects 
through  the  fame  Prifm  at  the  fame  diftancc  from  me  and 
m  the  fame  Situation.  There  was  no  difference  but  in  the 
Light  by  which  the  Objects  were  illuminated  ,  and  which 
in  one  cafe  was  Simple  and  in  the  other  Compound,  and 
therefore  the  diflinCt  Vifion  in  the  former  cafe  and  confu¬ 
fed  in  the  latter  could  arife  from  nothing  elfe  than  from 
that  difference  of  the  Lights.  Which  proves  the  whole 
Propoficion. 

And  in  thefe  three  Experiments  it  is  further  very  remar¬ 
kable,  that  the  Colour  of  Homogeneal  Light  was  never 
changed  by  the  Refrail  ion. 

PROP.  VI.  Thcor.  V. 

77>e  Sine  of  Incidence  of  every  fyiy  considered  apart,  is  to  its  Sine 
of  diffraction  in  a  given  dfitio, 

HPH  A  T  every  Ray  confidcrcd  apart  js  conftant  to 
1  it  felf  in  feme  certain  degree  of  Refrangibilicy,  is 
fufftciencly  man  iff  if  out  of  what  has  been  faid.  Thole 
Rays  which  in  the  firfl  Refraifion  are  at  equal  Incidences 
mofl  refraded,  are  alio  in  the  following  Refraitions  at 
equal  Incidences  moft  refraifed  ;  and  id  of  the  lcaff:  Re¬ 
frangible,  and  the  reft  which  have  any  mean  degree  of 

Refran- 
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Refrangibility,  as  is  manifeft  by  the  5th,  6th,  7th,  8th, 
and  9th  Experiments.  And  thofe  which  the  firft  time  at 
like  Incidences  are  equally  refradted,  are  again  at  like  In¬ 
cidences  equally  and  uniformly  refradted,  and  that  whe¬ 
ther  they  be  refradted  before  they  be  feparated  from  one 
another  as  in  the  5  th  Experiment,  or  whether  they  be  re¬ 
fradted  apart,  as  in  the  12  th,  1  }th  and  14th  Experiments. 
The  Refradtion  therefore  of  every  Ray  apart  is  regular, 
and  what  Rule  that  Refradtion  obferves  we  are  now 
to  fhew. 

The  late  Writers  in  Opticks  teach,  that  the  Sines  of  In¬ 
cidence  are  in  a  given  Proportion  to  the  Sines  of  Refra¬ 
dtion,  as  was  explained  in  the  5th  Axiom  5  and  fome  by 
Inftruments  fitted  for  meafuring  Refradtions,  or  otherwife 
experimentally  examining  this  Proportion,  do  acquaint  us 
that  they  have  found  it  accurate.  But  whilft  they,  not 
underftanding  the  different  Refrangibility  of  feveral  Rays, 
conceived  them  all  to  be  refradted  according  to  one  and 
the  fame  Proportion,  ’tis  to  be  prefumed  that  they  adapted 
their  Meafures  only  to  the  middle  of  the  refradted  Light; 
fo  that  from  their  Meafures  we  may  conclude  only  that 
the  Rays  which  have  a  mean  degree  of  Refrangibility , 
that  is  thofe  which  when  feparated  from  the  reft  appear 
green,  are  refradted  according  to  a  given  Proportion  of 
their  Sines.  And  therefore  we  are  now  to  fhew  that  the 
like  given  Proportions  obtain  in  all  the  reft.  That  it 
fhould  be  fo  is  very  reafonable,  Nature  being  ever  confor¬ 
mable  to  her  felf :  but  an  experimental  Proof  is  defired. 
And  fuch  a  Proof  will  be  had  if. -  we  can  fhew  that  the 
Sines  of  Refradtion  of  Rays  differently  Refrangible  are 
one  to  another  in  a  given  Proportion  when  their  Sines  of 
Incidence  are  equal.  For  if  the  Sines  of  Refradtion  of  all 
the  Rays  are  in  given  Proportions  to  the  Sine  of  Refradtion 


of  a  Ray  which  has  a  mean  degree  of  Refrangibility,  and 
this  Sine  is  in  a  given  Proportion  to  the  equal  Sines  of 
Incidence,  thofe  other  Sines  of  Refraction  will  alfo  be  in 
given  Proportions  to  the  equal  Sines  of  Incidence.  Now 
when  the  Sines  of  Incidence  are  equal,  it  will  appear  by 
the  following  Experiment  that  the  Sines  of  Refraction  are 
in  a  given  Proportion  to  one  another. 

j Exper.  15.  The  Sun  (hining  into  a  dark  Chamber 
through  a  little  round  hole  in  the  Window-fhut,  let  S  re--%- 
prefent  his  round  white  Image  painted  on  the  oppofite 
Wall  by  his  diredt  Light,  P  T  his  oblong  coloured  Image 
made  by  refra Cling  that  Light  with  a  Prifm  placed  at  the 
Window;  and  pt,  or  zp  it,  or.  3  p  It,  his  oblong  coloured 
Image  made  by  refracting  again  the  fame  Light  fide  ways 
with  a  fecond  Prifm  placed  immediately  after  the  fir  ft  in 
a  crofs  Pofition  to  it,  as  was  explained  in  the  fifth  Experi¬ 
ment  :  that  is  to  fay,  pt  when  the RefraCtion  of  the  fecond 
Prifm  is  fnaall,  zp  zt  when  its  RefraCtion  is  greater,  and 
2  p  3 1  when  it  is  greateft.  For  fuch  will  be  the  diverfity 
of  the  Refractions  if  the  refraCling  Angle  of  the  fecond 
Prifm  be  of  various  Magnitudes  ;  fuppofe  of  fifteen  or 
twenty  degrees  to  make  the  Image  p  t,  of  thirty  or 
forty  to  make  the  Image  zp  if,  and  of  fixty  to  make 
the  Image  3  p  3  f.  But  for  want  of  folid  Glafs  Prifms  with 
Angles  of  convenient  bigneffes,  there  may  be  Veffels 
made  of  polifhed  Plates  of  Glafs  cemented  together  in  the 
form  of  Prifms  and  filled  with  Water.  Thefe  things  being 
thus  ordered,  I  obferved  that  all  the  folar  Images  or  co¬ 
loured  Spearums  P  T,  pt,  zp  it,  i,p  \  t  did  very  nearly 
converge  to  the  place  S  on  which  the  direa  Light  of  the 
Sun  fell  and  painted  his  white  round  Image  when  the 
Prifms  were  taken  away.  The  Axis  of  the  Spearum  PT, 
that  is  the  Line  drawn  through  the  middle  of  it  Parallel  to 


itsRedilinear  Sides,  did  when  produced  pafs  exactly  through 
the  middle  of  that  white  round  Image  S.  And  when  the 
Refradion  of  the  fecond  Prifm  was  equal  to  the  Refradion 
of  the  firft,  the  refrading  Angles  of  them  both  being  about 
60  degrees,  the  Axis  of  the  Spedrum  7,p  $£  made  by  that 
Refradion,  did  when  produced  pafs  alfo  through  the  mid¬ 
dle  of  the  fame  white  round  Image  S.  But  when  the  Re¬ 
fradion  of  the  fecond  Prifm  was  lefs  than  that  of  the  firif, 
the  produced  Axes  of  the  Spedrums  t  p  or  2 t  ip  made 
by  that  Refradion  did  cut  the  produced  Axis  of  the  Spe¬ 
drum  TP  in  the  Points  m  and  n,  a  little  beyond  the  Cen¬ 
ter  of  that  white  round  Image  S.  Whence  the  Proportion 
of  the  Line  3 1 T  to  the  Line  ip  P  was  a  little  greater  than 
-the Proportion  of  2  tT  to  2  pP,  and  this  Proportion  a  little 
greater  than  that  of  tT  to  pV.  Now  when  the  Light  of 
the  Spedrum  P  Tfalls  perpendicularly  upon  the  Wall,  thofe 
Lines  3 t T,  3  p  P,  and  2 1 T,  ip  P  and  t  T,  p  P,are  the  Tan¬ 
gents  of  the  Refradions ;  and  therefore  by  this  Experiment 
the  Proportions  of  the  Tangents  of  the  Refradions  are  ob¬ 
tained,  fromwhence  the  Proportions  of  the  Sines  being  deriv¬ 
ed,  they  come  out  equal,  fo  far  as  by  viewing  the  Spedrums 
and  tiling  fome  Mathematical  reafoning  I  could  Eftimate. 
For  I  did  not  make  an  Accurate  Computation.  So  then 
the  Propofition  holds  true  in  every  Ray  apart,  fo  far  as  ap¬ 
pears  by  Experiment.  And  that  it  is  accurately  true  may 
be  demonftrated  upon  this  Suppofition,  That  (Bodies  refraft 
Tight  by  aBing  upon  its  Bays  in  Lines  Perpendicular  to  their 
Surfaces.  But  in  order  to  this  Demonftration ,  I  muft  di- 
ftinguifh  the  Motion  of  every  Ray  into  two  Motions,  the 
one  Perpendicular  to  the  refrading  Surface,  the  other  Pa¬ 
rallel  to  it,  and  concerning  the  Perpendicular  Motion  lay 
down  the  following  Propofition. 
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If  any  Motion  or  moving  thing  whatfoever  be  incident 
with  any  velocity  on  any  broad  and  thin  Space  termina¬ 
ted  on  both  fides  by  two  Parallel  Planes,  and  in  its  paffage 
through  that  fpace  be  urged  perpendicularly  towards  the 
further  Plane  by  any  force  which  at  given  diftances  from 
the  Plane  is  of  given  quantities  ;  the  perpendicular  Velo¬ 
city  of  that  Motion  or  Thing,  at  its  emerging  out  of  that 
{pace,  fiball  be  always  equal  to  the  Square  Root  of  the 
Summ  of  the  Square  of  the  perpendicular  Velocity  of 
that  Motion  or  Thing  at  its  Incidence  on  that  /pace ; 
and  of  the  Square  of  the  perpendicular  Velocity  which 
that  Motion  or  Thing  would  have  at  its  Emergence,  if 
at  its  Incidence  its  perpendicular  Velocity  was  infinitely 
little. 


And  the  fame  Propofition  holds  true  of  any  Motion  ot 
Thing  perpendicularly  retarded  in  its  paffage  through  that 
fpace,  if  inftead  of  the  Summ  of  the  two  Squares  you  take 
their  difference.  The  Demonftration  Mathematicians  will 
eafily  find  out,  and  therefore  I  (hall  not  trouble  the  Rea¬ 
der  with  it. 


Suppofe  now  that  a  Ray  coming  mofl:  obliquely  in  the  Fig-. 
Line  MC  be  refra&ed  at  C  by  the  Plane  RS  into  the  Line 
CN,  and  if  it  be  required  to  find  the  Line  CE  into  which 
any  other  Ray  AC  {hall  be  refrafted  5  let  MC,  AD,  be 
the  Sines  of  incidence  of  the  two  Rays,  and  NG,  EF,  their 
Sines  of  Refraction,  and  let  the  equal  Motions  of  the  In¬ 
cident  Rays  be  reprefented  by  the  equal  Lines  M  C  and 
AC,  and  the  Motion  MC  being  confidered  as  parallel  to 
the  refradting  Plane,  let  the  other  Motion  AC  be  diftin- 
guifhed  into  two  Motions  AD  and  DC,  one  of  which 
AD  is  parallel,  and  the  other  DC  perpendicular  to  the  re¬ 
fracting  Surface.  In  like  manner,  let  the  Motions  of  the 
emenn?  Rays  be  diftinguifh’d  into  two,  whereof  the  per- 
*  H  pendicular 


perpendicular  ones  are  ^  CG  and  CF.  And  if  the 

force  of  the  refrading  Plane  begins  to  ad  upon  the  Rays 
either  in  that  Plane  or  at  a  certain  diftance  from  it  on  the-" 
one  fide,  and  ends  at  a  certain*  diftance  from  it  on  the 
other  fide,  and  in  all  places  between  thofe  two  Limits  ads 
upon  the  Rays  in  Lines  perpendicular  to  that  rafrading 
Plane,  and  the  Adions  upon  the  Rays  at  equal  diftances 
from  the  refrading  Plane  be  equal,  and  at  unequal  ones  ei¬ 
ther  equal  or  unequal  according  to  any  rate  whatever  5 
that  motion  of  the  Ray  which  is  Parallel  to  the  refrading 
Plane  will  fuffer  no  alteration  by  that  force  ;  and  that  mo¬ 
tion  which  is  perpendicular  to  it  will  be  altered  according; 
to  the  rule  of  the  foregoing  Propofition.  If  therefore  for 
the  perpendicular  Velocity  of  the  emerging  Ray  CN  you 

A4C  '  *" 

write  yrg,  CG  as  above,  then  the  perpendicular  Velocity 
of  any  other  emerging  Ray  CE  which  was  ^  CF,  will  be 

equal  to  the  fquare  Root  of  CDq  +  GG q,  And 

By  fquaring  thefe  equals,  and  adding  to  them  the  Equals 
ADf and  MCj-'-CD*/,  and.  dividing  the  Summs  by  the 
Equals  CF^+  EF^  and  C G q, q-  NG^?  you  will  have 

ef\  e<3ua^  t0  Whence  AD,  the  Sine  of  Incidence, t 

is  to  EF  the  Sine  of  Refradtion,  as  MC  to  NG,  that  is, 
in  a  given  ratio.  And  this  Demonftration  being  general, 
without  determining  what  Light  is,  or  by  what  kind  of 
force  it  is  refraded,  or  affirming  any  thing  further  than 
that  the  refrading  Body  ads  upon  the  Rays  in  Lines  per¬ 
pendicular  to  its  Surface  $  I  take  it  to  be  a  very  convincing 
Argument  of  the  full  Truth  of  this  Propofition.  ° 


So  then,  if  the  ratio  of  the  Sines  of  Incidence  and  Re¬ 
fraction  of  any  fort  of  Rays  be  found  in  any  one  Cafe,  ?tis 
given  in  all  Cafes 5  and  this  may  be  readily  found  by  the 
Method  in  the  following  Propofidon, 


^  PROP .  VIL  Thcor.  VI. 

T he  (perfection  of  Telef copes  is  impeded  by  the  different  Pefr an* 
gibihty  of  the  pays  of  Light. 

rn  H  E  imperfection  of  Telefcopes  is  vulgarly  attrb 
H  buted  to  the  fpherical  Figures  of  the  Glafles,  and 
therefore  Mathematicians  have  propounded  to  Figure  them 
by  the  Conical  Sections.  To  fhewthat  they  are  mifta- 
ken,  I  have  inferced  this  Propofition-  the  truth  of  which 
will  appear  by  the  meafures  of  the  Refractions  of  the  feve- 
ral  forts  of  Rays  5  and  thefe  meafures  I  thus  determine. 

In  the  third  experiment  of  the  firffc  Book,  where  the  re¬ 
fracting  Angle  of  the  Prifm  was  6x\  degrees,  the  half  of 
that  Angle  31  deg.  15  min.  is  the  Angle  of  Incidence  of 
the  Rays  at  their  going  out  of  the  Glais  into  the  Air ;  and 
the  Sine  of  this  Angle  is  51 88,  the  Radius  being  1 0000. 
When  the  Axis  of  this  Prifm  was  parallel  to  the  Horizon, 
and  the  Refraction  of  the  Rays  at  their  Incidence  on  this 
Prifm  equal  to  that  at  their  Emergence  put  of  it,  I  obferved 
with  a  Quadrant  the  Angle  which  the  mean  refrangible  Rays 
(thatis,  thofewhich  wenttothe  middle  ofthe Sun's  colour¬ 
ed  Image  )  made  with  the  Horizon  and  by  this  Angle  and 
the  Sun's  altitude  obferved  at  the  fame  time,  I  found  the 
Angle  which  the  emergent  Rays  contained  with  the  incident 
to  be  44  deg.  and  40  min.  and  the  half  of  this  Angle  ad- 
eled  to  the  Angle  of  Incidence  3  1  deg.  1  5  min,  makes  the 

H  z  Angle 


[<s°] 

Angle  of  Refradion, which  is  therefore  5  3  deg.  3  5  min.  and 
its  Sine  8047.  Thefe  are  the  Sines  of  Incidence  and  Re¬ 
fraction  of  the  mean  refrangible  Rays,  and  their  proportion 
in  round  numbers  is  10  to  3 1 .  This  Glafswas  of  a  colour  in¬ 
clining  to  green.  The  laft  of  the  Prifms  mentioned  in  the 
third  Experiment  was  of  clear  white  Glafs.  Its  refrading 
Angle  63I  degrees.  The  Angle  which  the  emergent  Rays 
contained,  with  the  incident  45:  deg.  50  min.  The  Sine  of 
half  the  firft  Angle  5  i6t.  The  Sine  of  half  the  Sumtn 
of  the  Angles  8157.  And  their  proportion  in  round  num¬ 
bers  10  to  3 1  as  before. 

From  the  Length  of  the  Image,  which  was  about  pi  or 
10  Inches,  fubdud  its  Breadth,  which  was  2  ~  Inches,  and 
the  Remainder  7’  Inches  would  be  the  length of  the  Image 
were  the  Sun  but  a  point,  and  therefore  fubtends  the  An¬ 
gle  which  the  moft  and  leaft  refrangible  Rays,  when  inci¬ 
dent  on  the  Prifm  in  the  fame  Lines,  do  contain  with  one 
another  after  their  Emergence.  Whence  this  Angle  is 
2  deg.  o.'  7."  For  the  diftance  between  the  Image  and  the 
Prifm  where  this  Angle  is  made,  was  1 8  ~  Feet,  and  at  that 
diftance  the  Chord  Inches  fubtends  an  Angle  of  2  deg. 
0/  7."  Now  half  this  Angle  is  the  Angle  which  thefe  e- 
mergent  Rays  contain  with  the  emergent  mean  refrangible 
Rays,  and  a  quarter  thereof,  that  is  30.  2."'  may  be  ac¬ 
counted  the  Angle  which  they  would  contain,  wrffh  the 
fame  emergent  mean  refrangible  Rays,  were  they  co-inci¬ 
dent  to  them  within  the  Glafs  and  fuffered  no  other  Re¬ 
fradion  then  that  at  their  Emergence.  For  if  two  equal 
Refradions,  the  one  at  the  incidence  of  the  Rays  on  the 
Prifm,  the  other  at  their  Emergence,  make  half  the  Angle 
2  deg.  o .  7."  then  one  of  thofe  Refradions  will  make 
about  a  quarter  of  that  Angle,  and  this  quarter  added  to 
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and  fubdudled  from  the  Angle  of  Refradion  of  the  mean 
refrangible  Rays,  which  was  53  deg.  55',  gives  the  An¬ 
gles  of  Refraction  of  the  moft  and  leaft  refrangible  Rays 
54  deg.  5' 2",  and  53  deg.  4'  58",  whofe  Sines  are  8099 
and  7995,  the  common  Angle  of  Incidence  being  3  1  deg. 
1 5  ’  and  its  Sine  5188;  and  thefe  Sines  in  the  leaft  round 
numbers  are  in  proportion  to  one  another  as  78  and  77 
to  50. 

Now  if  you  fubdudt  the  common  Sine  of  Incidence  50 
from  the  Sines  of  Refraction  77  and  78,  the  remainders 
27  and  28  fhew  that  in  ftnall  Refractions  the  Refraction 
of  the  leaft  refrangible  Rays  is  to  the  RefraCtion  of  the  moft 
refrangible  ones  as  27  to  28  very  nearly,  and  that  the  dif¬ 
ference  of  the  Refractions  of  the  leaft  refrangible  and  moft 
refrangible  Rays  is  about  the  27^th  part  of  the  whole  Re¬ 
fraction  of  the  mean  refrangible  Rays. 

Whence  they  that  are  skilled  in  Opticks  will  eafily  un- 
derftand,  that  the  breadth  of  the  leaft  circular  fpace  into 
which  Object- Glaffes  of  Telefcopes  can  collect  all  forts  of 
Parallel  Rays,  is  about  the  27-th  part  of  half  the  aperture 
of  the  Glafs,  or  55  th  part  of  the  whole  aperture;  and 
that  the  Focus  of  the  moft  refrangible  Rays  is  nearer  to  the 
Object-Glafs  than  the  Focus  of  the  leaft  refrangible  ones,  by 
about  the  27-jth  part  of  the  diftance  between  the  Object- 
Glafs  and  the  Focus  of  the  mean  refrangible  ones. 

And  if  Rays  of  all  forts, flowing  from  any  one  lucid  point 
in  the  Axis  of  any  convex  Lens,  be  made  by  the  Refraction 
of  the  Lens  to  converge  to  points  not  too  remote  from  the 
Lens ,  the  Focus  of  the  moft  refrangible  Rays  fhall  be 
nearer  to  the  Lens  than  the  Focus  of  the  leaft  refrangible 
ones,  by  a  diftance  which  is  to  the  27-th  part  of  the  di¬ 
ftance  of  the  Focus  of  the  mean  refrangible  Rays  from  the 
Lens  as  the  diftance  between  that  Focus  and  the  lucid 

point 
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point  from  whence  the  Rays  flow  is  to  the  diftance  be¬ 
tween  chat  lucid  point  and  the  Lens  very  nearly. 

Now  to  examine  whether  the  difference  between  the  Re¬ 
fractions  which  the  moft  refrangible  and  the  leaft  refran¬ 
gible  Rays  flowing  from  the  fame  point  fuffer  in  the  Ob¬ 
ject-Glades  of  Telefcopes  and  fuch  like  Glades,  be  fo  great 
as  is  here  deferibed,  I  contrived  the  following  Experi¬ 
ment. 

Exper.  1 6.  The  Lens  which  I  ufed  in  the  fecond  and 
eighth  Experiments,  being  placed  fix  Feet  and  an  Inch  dif- 
cant  from  any  Objed,  collected  the  Species  of  that  Objedt 
by  the  mean  refrangible  Rays  at  the  diftance  of  fix  Feet 
and  an  Inch  from  the  Lens  on  the  other  fide.  And  there¬ 
fore  by  the  foregoing  Rule  it  ought  to  -collect  the  Species  of 
that  Qbjed  by  the  leaft  refrangible  Rays  at  the  diftance  of 
fix  Feet  and  3 1  Inches  from  the  Lens,  and  by  the  moft  re¬ 
frangible  ones  at  the  diftance  of  five  Feet  and  105  Inches 
from  it :  So  that  between  the  tw  o  Places  where  thefe  leaft 
and  moft  refrangible  Rays  colled  the  Species,  there  may 
be  the  diftance  of  about  5-^  Inches.  For  by  that  Rule,  as 
fix  Feet  and  an  Inch  ( the  diftance  of  the  Lens  from  the 
lucid  Object )  is  to  twelve  Feet  and  two  Inches  ( the  di¬ 
ftance  of  the  lucid  Object  from  the  Focus  of  the  mean  re¬ 
frangible  Rays )  that  is,  as  one  is  to  two,  fo  is  the  27 1th 
part  of  fix  Feet  and  an  Inch  (the  diftance  between  the  Lens 
and  the  fame  Focus  )  to  the  diftance  between  the  Focus  of 
the  moft  refrangible  Rays  and  the  Focus  of  the  leaft  re?- 
frangible  ones,  which  is  therefore  5  ~  Inches,  that  is  very 
nearly  5;  -  Inches.  Now  to  know  whether  this  meafure 
was  true,  I  repeated  the  fecond  and  eighth  Experiment  df 
this  Book  with  coloured  Light,  which  was  lefs  compound¬ 
ed  than  that  I  there  made  life  of :  For  I  now  feparated  the 

Jietero- 
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h  eterogeneous  Rays  from  one  another  by  the  Method  I  de- 
fcribed  in  the  1 1  th  Experiment,  fo  as  to  make  a  coloured 
Spedtrum  about  twelve  or  fifteen  times  longer  than  broad. 
This  Spebtrum  I  call  on  a  printed  book,  and  placing  the 
above-mentioned  Lens  at  the  diftance  of  fix  Feet  ana  an 
Inch  from  this  Spebtrum  to  collebt  the  Species  of  the  illu¬ 
minated  Letters  at  the  fame  diftance  on  the  other  fide,  I 
found  that  the  Species  of  the  Letters  illuminated  with  Blue 
were  nearer  to  the  Lens  than  thofe  illuminated  with  deep 
Red  by  about  three  Inches  or  three  and  a  quarter :  but  the 
Species  of  the  Letters  illuminated  with  Indigo  and  Violet 
appeared  fo  confufed  and  indiftindt,  that  I  could  not  read 
them  :  Whereupon  viewing  the  Prifm,  I  found  it  was  full 
of  Veins  running  from  one  end  of  the  Glafs  to  the  other  5 
fo  that  the  Refraction  could  not  be  regular.  I  took  ano¬ 
ther  Prifm  therefore  which  was  free  from  Veins,  and  in- 
Head  of  the  Letters  I  ufed  two  or  three  Parallel  black  Lines 
a  little  broader  than  the  ftroakes  of  the  Letters,  and  caft- 
inn  the  Colours  upon  thefe  Lines  in  fuch  manner  that  the 
Lines  ran  along  the  Colours  from  one  end  of  the  Spedtum 
to  the  other,  I  found  that  the  Focus  where  the  Indigo,  or 
confine  of  this  colour  and  Violet  call  the  Species  of  the 
black  Lines  1110ft  diftindly,to  be  about  4  Inches  or  4 1  near¬ 
er  to  the  Lens  than  the  Focus  where  the  deepeft  Red  caft 
the  Species  of  the  fame  black  Lines  moft  diftinbtly. 
The  violet  was  fo  faint  and  dark,  that  I  could  not 
difcern  the  Species  of  the  Lines  diftinctly  by  that  Co¬ 
lour  ;  and  therefore  confidering  that  the  Prifm  was  made 
of  a  dark  coloured  Glafs  inclining  to  Green,  I  took  another. 
Pifm  of  clear  white  Glafs  5  but  the  Spebtrum  of  Colours 
which  this  Prifm  made  had  long  white  Streams  of  faint 
Light  fihooting  out  from  both  ends  of  the  Colours,  which 
made  me  conclude  that  fomediing  was  amifs ;  and  view- 
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ing  the  Prifm,  I  found  two  or  three  little  Bubbles  in  the 
Glafs  which  refradted  the  Light  irregularly.  Wherefore  I 
covered  that  part  of  the  Glafs  with  black  Paper,  and  let¬ 
ting  the  Light  pafs  through  another  part  of  it  which  was 
free  from  fuch  Bubles,  the  Spe&rum  of  Colours  became 
free  from  thofe  irregular  Streams  of  Light,  and  was  now 
fuch  as  I  defired.  But  frill  I  found  the  Violet  fo  dark  and 
faint,  that  I  could  fcarce'  fee  the  Species  of  the  Lines  by  the 
Violet,  and  not  at  all  by  the  deepeftpart  of  it,  which  was 
next  the  end  of  the  Spedtrum.  I  fufpedted  therefore  that 
this  faint  and  dark  Colour  might  be  allayed  by  that  Let¬ 
tering  Light  which  was  refracted,  and  reflected  irregularly 
partly  by  fome  very  fmall  Bubbles  in  the  Glaffes  and 
partly  by  the  inequalities  of  their  Polifh :  which  Light, 
tho’  it  was  but  little,  yet  it  being  of  a  White  Colour, 
might  fuffice  to  affedt  the  Senfe  fo  ftrongly  as  to  difturb 
the  Phenomena  of  that  weak  and  dark  Colour  the  Violet, 
and  therefore  I  tried,  as  in  the  lzth,  i  }th/ji  4th  Experi¬ 
ments,  whether  the  Light  of  this  Colour  did  not  confift  of 
a  fenfible  mixture  of  heterogeneous  Rays,  but  found  it  did 
not.  Nor  did  the  Refradfions  caufe  any  other  fenfible 
Colour  than  Violet  to  emerge  out  of  this  Light,  as  they 
would  have  done  out  of  White  Light,  and  by  con¬ 
fluence  out  of  this  Violet  Light  had  it  been  fenfi- 
bly  compounded  with  White  Light.  And  therefore  I  con- 
cluded,  that  the  reafon  why  I  could  not  fee  the  Species  of 
the  Lines  diftindtly  by  this  Colour,  was  only  the  darknefs 
of  this  Colour  and  Thinnefs  of  its  Light,  and  its  difr 
tance  from  the  Axis  of  the  Lens;  I  divided  therefore  thole 
Parallel  Black  Lines  into  equal  Parts,  by  which  I  might 
readily  know  the  diftances  of  the  Colours  in  the  Spedtrum 
from  one  another,  and  noted  the  diftances  of  the  Lens 
irom  the  Foci  of  fuch  Colours  as  call  the  Species  of  the 

Lines 
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Lines  diftinCtly,  and  then  confidered  whether  the  diffe¬ 
rence  of  thofe  diftances  bear  fuch  proportion  to  5  ^-Inches, 
the  great  eft  difference  of  the  diftances  which  the  Foci  of 
the  deepeft  Red  and  Violet  ought  to  have  from  the  Lens, 
as  the  diftance  of  the  obferved  Colours  from  one  another 
in  the  SpeCtrum  bear  to  the  like  diftance  of  the  deepeft  Red 
and  Violet  meafured  in  the  rectilinear  fides  of  the  SpeCt- 
rum,  that  is,  to  the  length  of  thofe  tides  or  excefs  of  the 
length  of  the  Spectrum  above  its  breadth.  And  my  Ob- 
fervations  were  as  follows. 

When' I  obferved  and  compared  the  deepeft  fenfibleRed, 
and  the  Colour  in  the  confine  of  Green  and  Blue,  which 
at  the.  rectilinear  fides  of  the  SpeCtrum  was  diftant  from  it 
half  the  length  of  thofe  fides,  the  Focus  where  the  confine 
of  Green  and  Blue  caft  the  Species  of  the  Lines  diftinCtly 
on  the  Paper,  was  nearer  to  the  Lens  then  the  Focus  where 
the  Red  caft  thole  Lines  diCtinCtly  on  it  by  about  2 i  or 
2  ’  Inches.  For  fometimes  the  Meafures  were  a  little  grea¬ 
ter,  fometimes  a  little  lefs,  but  feldom  varied  from  one 
another  above  ~  of  an  Inch.  For  it  was  very  difficult  to 
define  the  Places  of  the  Foci,  without  fome  little  Errors. 
Now  if  the  Colours  diftant  half  the  length  of  the  Image, 

(  meafured  at  its  rectilinear  fides  )  give  z'-  or  2  \  difference 
of  the  diftances  of  their  Foci  from  the  Lens,  then  the  Co¬ 
lours  diftant  the  whole  length  ought  to  give  5  or  Inches 
difference  of  thofe  diftances. 

But  here  it’s  to  be  noted,  that  I  could  not  fee  the  Red 
to  the  full  End  of  the  SpeCtrum,  but  only  to  the  Center 
of  the  Semicircle  which  bounded  that  End,  or  a  little  far¬ 
ther  ;  and  therefore  I  compared  this  Red  not  with  that  Co¬ 
lour  which  was  exactly  in  the  middle  of  the  SpeCtrum,  or 
confine  of  Green  and  Blue,  but  with  that  which  verged  a 
little  more  to  the  Blue  than  to  the  Green  :  And  as  I  reck- 
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oned  the  whole  length  of  the  Colours  not  to  be  the  whole- 
length  of  the  Spectrum,  but  the  length  of  its  rectilinear 
tides,  fo  completing  the  Semicirlar  Ends  into  Circles,  when 
either  of  the  obferved  Colours  .fell  within  thofe  Circles,  I 
meafured  the  diftance  of  that  Colour  .from  the  End  of. the 
Spedrum,  and  fubduding  half  the  diftance  from  the  mea- 
fured  diftance  of  the  Colours,  I  took  the  remainder  for 
their  corrected  diftance  5  and  in  thefe  Obfervations  fet 
down  this  corrected  diftance  for  the  difference  of  their  di- 
fiances  from  the  Lens.  For  as  the  length  of  the  rectilinear 
fides  of  the  Spedrum  would,  be  the  whole  length  of  all  the 
Colours,  were  the  Circles  of  which  (  as  we  iliewed )  that 
Spedrum  confifts  contraded  and  reduced  to  Phylical 
Points,  fo  in  that  Cafe  this  correded  diftance  would  be  the 
real  diftance  of  the  obferved  Colours! 

When  therefore  I  further  obferved  the  deepeft.  fenfible  Red,  , 
and  that  Blue  whofe  correded  diftance  from  it  was  £  parts 
of  the  length  of  the  redilinear  fides  of  the  Spedrum,  the. 
difference  of  the  diftances  of  their,  Foci  from  the  Lens  was 
about  3^  Inches,  and  as  7  to  1 2  fo  is  to  5 

When  I  obferved  the  deepeft  fenfible  Red,  and  that  Indi¬ 
go  whofe  correded  diftance  was  -  or  i  of  the  length  ofitbe, 
redilinear  fides  of  the  Spedrum,  the  difference  of  the  di¬ 
ftances  of  their  Foci  from  the  Lens,  was  about  3  Inches-,-, 
and  as  2  to  3  fo  is  3  *-to 

When  I  obferved  the  deepeft  fenfible  Red,  and  that  deep  < 
Indigo  whofe  correded  diftance  from  one  another,  was  —  or 
l  of  the  length  of  the  redilinear  fides  of  the  Spedum,  the. 
difference  of  the  diftances  of  their  Foci  from  the  Lens  was- 
about  4  Inches  ;  and  as  3  to  4  fo  is  4  to  5  j. . 

When  I  obferved  the  deepeft  fenfible  Red,  and  that  part 
of  the  Violet  next  the  Indigo  whofe  correded  diftance  from 
the  Red  was  jf  or  f  of  the  length  of  the  'redilinear  fides  bf 

the. 
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the  SpeChnrn,  the  difference  of  the  diftances  of  their  Foci 
from  the  Lens  was  about  4-  Inches  3  and  as  j  to  6,  fo  is 
4J-  to  5 For  fometimes  when  the  Lens  was  advantage 
oufly  placed,  fo  that  its  Axis  refpeCted  the  Blue,  and*  all 
things  elfe  were  well  ordered,  and  theSunfhone  clear,  and 
I  held  my  Eye  very  near  to  the  Paper  on  which  the  Lens 
caft  the  Species  of  the  Lines,  I  could  fee  pretty  diftinctly 
the  Species  of  thofe  Lines  by  that  part  of  the  Violet  which 
was  next  the  Indigo  3  and  fometimes  I  could  fee  them  by 
above  half  the  Violet.  For  in  making  thefe  Experiments 
I  had  obferved,  that  the  Species  of  thofe  Colours  only  ap¬ 
peared  diftinct  which  were  in  or  near  the  Axis  of  the  Lens ; 
So  that  if  the  Blue  or  Indigo  were  in  the  Axis,  I  could  fee 
their  Species  diftinctly  3  and  then  the  Red  appeared  much 
lefs  diftinct  than  before.  Wherefore  I  contrived  to  make 
the  Spectrum  of  Colours  (hotter  than  before,  fo  that  both 
its  Ends  might  be  nearer  to  the  Axis  of  the  Lens.  And^ 
now  its  length  was  about  Inches  and  breadth  about  ^or 
}  of  an  Inch.  Alfo  inftead  of  the  black  Lines  on  which  the 
Spectrum  was  caft,  I  made  one  black  Line  broader  than 
thofe,  that  I  might  fee  its  Species  more  ealily  3  and  this 
Line  I  divided  by  ftiort  crofs  Lines  into  equal  Parts,  for 
meafuring  the  diftances  of  the  obferved  Colours.  And  now 
I  could  fometimes  fee  the  Species  of  this  Line  with  its  divi- 
lions  almofl  as  far  as  the  Center  ,  of  the  Semicircular  Violet 
End  of  the  Spectrum,  and  made  thefe  further  Obfervations, 
When  I  obferved  the  deepeft  fenfible  Red,  and  that  part 
of  the  Violet  whofe  corrected  diftance  from  it  was  about 
~  Parts  of  the  rectilinear  fidesof  the  SpeCtrum  the  difference 
of  the  diftances  of  the  Foci  of  thofe  Colours  from  the  Lens, 
was  one  time  4-,  another  time  4^  another  time  4s  Inches, 

and  as  8  to  9,  fo  are  4f,  4;,  4i,  t0  5 >5^ tefpefldvely. 
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When  I  obferved  the  deepeft  fenfible  Red,  and  deepeft 
fenfible  Violet,  (the  corrected  diftance  of  which  Colours 
when  all  things  were  ordered  to  the  belt  advantage,  and  the 
Sun  fhone  very  clear,  was  about  ^  or  ~  parts  of  the  length 
of  the  rectilinear  fides  of  the  coloured  Spectrum,  )  I  found 
the  difference  of  the  diftances  of  their  Foci  from  the  Lens 
fometimes  4-’  fometimes  5},  and  for  the  mod  part  5  Inches 
or  thereabouts :  and  as  11  to  1  a  or  15  to  id,  fo  is  five 
Inches  to  5  or  5  j  Inches. 

And  by  this  progreflion  of  Experiments  I  fatisfied  my 
felf,  that  had  the  light  at  the  very  Ends  of  the  Spectrum  been 
ftrong  enough  to  make  the  Species  of  the  black  Lines  ap¬ 
pear  plainly  on  the  Paper,  the  Focus  of  the  deepeft  Vio¬ 
let  would  have  been' found  nearer  to  the  Lens,  than  the  Fo¬ 
cus  of  the  deepeft  Red,  by  about  5'-  Inches  at  leaft.  And 
this  is  a  further  Evidence,  that  the  Sines  of  Incidence  and 
Refraction  of  the  feveral  forts  of  Rays,  hold  the  fame  pro¬ 
portion  to  one  another  in  the  fmalleft  Refractions  which 
they  do  in  the  greateft. 

My  progrefs  in  making  this  nice  and  troublefome  Expe¬ 
riment  I  have  fet  down  more  at  large,  that  they  that  Ihall  ? 
try  it  after  me  may  be  aware  of  the  Circumfpeftion  re-5’ 
quifite  to  make  it  fucceed  well.  And  if  they  cannot  make, 
it  fucceed  fo  well  as  I  did,  they  may  notwithftanding  col¬ 
lect  by  the  Proportion  of  the  diftance  of  the  Colours  in  the 
SpeCtrum,  to  the  difference  of  the  diftances  of  their  Foci 
from  the  Lens,  what  would  be  the  fuccefs  in  the  more  di« 
ftant  Colours  by  a  better  Trial.  And  yet  if  they  ufe  a 
broader  Lens  than  I  did,  and  fix  it  to  a  long  ftreight  Staff 
by  means  of  which  it  may  be  readily  and  truly  directed  to 
the  Colour  whofe  Focus  is  defired,  I  queftion  not  but  the 
Experiment  will  fucceed  better  with  them  than  it  did  with 
me.  For  I  directed  the  Axis  as  nearly  as  I  could  to  the 

middle 
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middle  of  the  Colours,  and  then  the  faint  Ends  of  the 
Spectrum  being  remote  f  rom  the  Axis,  caft  their  Species  lefs 
diftinftly  on  the  Paper  than  they  would  have  done  had  the 
Axis  been  fucccffively  directed  to  them. 

Now  by  what  has  been  faid  its  certain,  that  the  Rays 
which  differ  in  rcfrangibiliry  do  not  converge  to  the  fame 
focus,  but  if  they  flow  from  a  lucid  point,  as  far  from 
the  Lens  on  one  fide  as  their  Foci  arc  one  the  other,  the 
Focus  of  the  molt  refrangible  Rays  (lull  be  nearer  to  the 
Lens  than  that  of  the  leafl  refrangible,  by  above  the  four¬ 
teenth  part  of  the  whole  diftance :  and  if  they  flow  from  a  lu¬ 
cid  point,  fo  very  remote  from  the  Lens  that  before  their 
Incidence  they  may  be  accounted  Parallel,  the  Focus  of  the 
molt  refrangible  Rays  Hull  be  nearer  to  the  Lens  than  the 
Focus  of  the  leafl  refrangible,  by  about  che  a/ch  or  z  8th  pare 
of  their  whole  diltance  horn  it.  And  the  Diameter  of  the 
Circle  in  the  middle  Ip.ne  between  chofc  two  Foci  which 
they  illuminate  when  they  fall  there  on  any  Plane,  perpen¬ 
dicular  to  the  Axis  (which  Circle  is  the  leafl  into  which 
they  can  all  be  gathered)  is  about  the  55  th  part  of  the  Dia¬ 
meter  of  the  aperture  of  the  Dials.  So  that  cis  a  wonder 
that  Teldcopes  roprefent  Objedts  fo  diftinct  as  they  do.  But 
were  all  the  Rays  of  Light  equally  refrangible,  the  Error 
ariftng  only  from  the  (phenealneis  of  the  Figures  of  GlafTes 
would  be  many  hundred  times  lefs.  For  if  the  Objed- 
Glafsofa  Tcldeupe  be  Plano-convex,  and  the  Plane  fide 
be  turned  cowards  the  Object,  and  the  Diameter  of  the 
Sphere  whereof  this  Cllals  is  a  fegment,be  called  D,  and  the 
Semidiameter  of  the  aperture  of  the  dials  be  called  S,  and 
the  Sine  of  Incidence  out  of  Glafs  into  Air,  be  to  the  Sine  of 
Refradion  as  I  to  R:  the  Rays  which  come  Parallel  to  the 
Axis  of  the  Glafs,  Until  m  the  Place  where  the  Image  of  the 
Gbjcd  is  moll  diflincdv  made,  be  flattered  all  over  a  little  ' 
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Circle  whofe  Diameter  is  7  *  very  nearly,  as  I  ga„ 

ther  by-  computing  the  Errors  of  the  Rays  by  the.  method 
of  infinite  Series,  and  rejecting  the  Terms  whofe  quanti-. 
tities-  are,  inccnfiderable.  As  for  inftance,  it  the  Sine  of  In¬ 
cidence  h,  be  to  the, Sine  of  Refra&ion  R,  as  20.  to  51,  and. 
if  D  the  Diameter  of  the  Sphere  to  which  the  Convex  fide 
of  the  Glafs  is  ground,  be  100  Feet  or  1200  Inches,  and 
S  the  Semidiameter  of  the  aperture  be  two  Inches,  the 

P  y  ^  ci-h 

Diameter  of  the  little  Circle  (  that  is  will  be 

20  CizoL  ii7o~  (  )  Fms  of  an  Inch*  But  the 

Diameter  of  the  little  Circle  through  which  thefe  Rays  are 
flattered  by  unequal  refrangibility,  will  be  about  the  yyth 
part  of  the  aperture  of  the  Objedt-Glafs  which  here  is  four- 
Inches.  Ana  therefore  the  Error  arifing  from  the  fpherical 
Figure  of  the  Glafs,  is  to  the  Error  arifing  from  the  diffe¬ 
rent  Refrangibility  of  the  Rays,  as  to  fs  that  is  as  1 
to  815 1 :  and  therefore  being  in  Comparifon  fo  very  little; 
deferves  not  to  be  confidered. 

But  you  will  fay,  if  the  Errors  caufed  by  the  different  re¬ 
frangibility  be  fo  very  great,  how  comes  it  to  pafs  that  Ob¬ 
jects  appear  through  Telefcopes  fo  diftinct  as  they  do  ?  I  an¬ 
swer,  ’tis  becaufe  the  erring  Rays  are  not  fcattered  uniforms 
ly  over  all  that  circular  fpace,  but  collected  infinitely  more 
denfely  in  the  Center  than- in  any  other  part  of  the  Circle; 
and  in  the  way  from-  the  Center  to  the  Circumference  grow 
continually  rarer  and  rarer,  fo  as  at  the  Circumference  to 
become  infinitely  rare5  and  by  reafon  of  their  rarity  are 
Fi?.  27.  noc  ftrong  enough  to  bevifible,  unlefs  in  the  Center  and  ve¬ 
ry  near  it.  Let  ADE  reprefent  one  of  thofe  Circles  des 
feribed  with  the  Center  C  and  Semidiameter  AC,  and  let 
BFG  be  a  fmaller  Circle  .concentric  to  the  former,  cutting 

with 
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with'  its  Circumference  the  Diameter  AC  in  B,  and  btfect 
AC  in  N,  and  by  my  reckoning  the  deniity  of  the  Light 
in  any  place  B  will  be  to  its  dennty  inN,  as  AB  to  BC; 
and  the  whole  Light  within  the  leffer  Circle  BFG,  will  be 
to  the  whole  Light  within  the  greater  AED,  as  the  Excels  of 
the  Square  of  AC  above  the  Square  of  AB,  is  to  the  Square 
of  AC.  As  if  BC  be  the  fifth  part  of  AC,  the  Light  will  be  - 
four  times  denfer  in  B  than  in  N,  and  the  whole  Light  with¬ 
in  the  lefs  Circle, will  be  to  the  whole  Light  within  the  grea¬ 
ter,  as  nine  to  twenty  five.  Whence  it Js  evident  that  the 
Light  within  the  lefs  Circle,  muftftrike  the  fenfemuch  more 
ftrongly,  than  that  faint  and  dilated  light  round  about  be¬ 
tween  it  and  the  Circumference  of  the  greater. 

But  its  further  to  be  noted,  that  the  moil  luminous  of 
the  prifmatick  Colours  are  the  Yellow  and  Orange.  Thefe 
affeCt  the  Senfes  more  ftrongly  . thin  all  the  reft  together,  and 
next  to  thefe  in  ftrength  are  the  Red  and  Green.  The  Blue 
compared  with  thefe  is  a  faint  and  dark  Colour,  and  the  In- 
digc?  and  Violet  are  much  darker  and  fainter,  fo  that  thefe 
compared  with  the  ftronger  Colours  are  little  to  be  regard¬ 
ed.  The  Images-  of  Objects  are  therefore  to  be  placed,  not  - 
in  the  Focus  of  the  mean  refrangible  Rays  which  are  in  the 
confine  of  Green  and  Blue,  but  in  the  Focus  of  thofe  Rays 
which  are  in  the  middle  of  the  Orange  and  Yellow  ;  there 
where  the  Colour  is  moft  luminous  and  fulgent,  that  is  in 
the  brighteft  Yellow,  that  Yellow  which  inclines  more  to 
©range  than  to  Green.  And  by  the  Refraction  of  thefe 
Rays  (  whofe  Sines  of  Incidence  and  Refraction  in  Glafs  s 
are  as  17  and  ji  )  the  Refraction  of  Glafs  and  Cryftal  for  v 
optical  ufes  is  to  be  meafured.  Let  us  therefore  place  the 
Image  of  the  ObjeCt  in  the  Focus  of  thefe  Rays,  and.  all  the  - 
Yellow  and  Orange  will  fell  within  a  Circle,  whofe  Dia¬ 
meter  is  about  .the  %  yoth  part  of  the  Diamec^vof  the  aper- 
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turc  of  the  Giafs.  And  if  you  add  the  brighter  half  of  the 
Red,  ( that  half  which  is  next  the  Orange,  and  the  brighter 
half  of  the  Green,  (that  half  which  is  next  the  Yellow,)  a. 
bout  three  fifth  parts  of  the  Light  of  thefe  two  Colours  will 
fall  within  the  fame  Circle, and  two  fifth  parts  will  fall  with¬ 
out  it  round  about ;  and  that  which  falls  without  will  be 
fpread  through  almoft  as  much  more  fpace  as  that  which 
falls  within,  and  fo  in  the  grofs  be  almoft  three  times  ra¬ 
rer.  Of  the  other  half  of  the  Red  and  Green,  ( that  is  of 
the  deep  dark  Red  and  Willow  Green  )  about  one  quarter 
will  fall  within  this  Circle,  and  three  quarters  without,  and 
that  which  falls  without  will  be  fpread  through  about  four 
or  five  times  more  fpace  than  that  which  fallswithin  j  and  fo 
in  the  grofs  be  rarer,  and  if  compared  with  the  whole  Light 
within  it,  willbe  about  15  times  rarer  than  all  that  taken  in 
the  grols $  or  rather  more  than  30  or  40  times  rarer,  be¬ 
cause  the  deep  red  in  the  end  of  the  Spedtrum  of  Colours 
made  by  a  Prifm  is  very  thin  and  rare,  and  the  Willow  Green 
is  fomething  rarer  than  the  Orange  and  Yellow.  The  Light 
of  thefe  Colours  therefore  bring  fo  very  much  rarer  than  that 
within  the  Circle,  will  fcarce  affedt  the  Senfe  elpecially  fince 
the  deep  Red  and  Willow  Green  of  this  Light,  are  much 
darker  Colours  then  the  reft.  And  for  the  fame  reafon  the 
Blue  and  Violet  being  much  darker  Colours  than  thefe,  and 
much  more  rarified,  may  be  neglected.  For  the  denfe  and 
bright  Light  of  the  Circle,  will  obfeure  the  rare  and  weak 
Light  of  thefe  dark  Colours  round  about  it,  and  render  them 
almoft  infenfible.  The  fenfible  Image  of  a  lucid  point  is 
therefore  fcarce  broader  than  a  Circle  whofe  Diameter  is 
the  2.50th  part  of  the  diameter  of  the  aperture  of  the  Object 
Glals  of  a  good  Telefcope,  or  not  much  broader,  if  you 
except  a  faint  and  dark  mifty  light  round  about  it,  which 
a  Spedator  will  fcarce  regard.  And  therefore  in  a  Telefcope 
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whofe  aperture  is  four  Inches,  and  length  an  hundred  Feet,1 
it  exceeds  not  z  45",  or  3".  And  in  a  Telefcope  whole 
aperture  is  two  Inches,  and  length  10  or  50  Feet,  it  may¬ 
be  5 "  or  6"  and  fcarce  above.  And  this  Anfwers  well  to 
Experience  :  For  home  Aftronomers  have  found  the  Dia¬ 
meters  of  the  fixt  Stars,  in  Telefcopes  of  between  twenty 
and  fixty  Feet  in  length,  to  be  about  4"  or  5"  or  at  moft 

in  Diameter.  But  if  the  Eye-Glafs  be  tindted  faintly 
with  thefmoke  of  a  Lamp  or  Torch,  to  obfeure  the  Light 
of  the  Star,  the  fainter  Light  in  the  circumference  of  the 
Scar  ceafes  to  be  vifible,  and  the  Star  (if  the  Glafs  be  fuffici- 
ently  foiled  with  fmoke)  appears  fomething  more  like  a  Ma¬ 
thematical  Point.  And  for  the  fame  reafon,  the  enormous 
part  of  the  Light  in  the  Circumference  of  every  lucid  Point 
ought  to  be  lefs  difcernable  in  fhorter  Telefcopes  than  in 
longer,  becaufe  the  fhorter  tranfmit  lefs  Light  to  the  Eye. 

Now  if  we  fuppofe  the  fenfible  Image  of  a  lucid  point, 
to  be  even  150  times  narrower  than  the  aperture  of  the 
Glafs:  yet  were  it  not -for  the  different  refrangibility  of  the 
Rays,  its  breadth  in  an -t  oo  Foot  Telefcope  whofe  aperture 
is  .4  Inches  would  be  but  parts  of  an  Inch,  as  is  ma- 
nifefl  by  the  foregoing  Computation.  And  therefore  in 
this  Cafe  the  gteateft  Errors  arifing  from  the  fpherieal  Figure 
of  the  Glafs,  would  be  to  the  greateft  fenfible  Errors  ari¬ 
fing  from  the  different  refrangibility  of  the  Rays  as  3600000 
to  A  at  moft,  that  is  only  as  i  to  1826.  And  this  fuffi- 
ciently  fhews  that  it  is  not  the  fpherieal  Figures  of  GlafieS 
,  but  the  different  refrangibility  of  the  Rays  which  hinders  the 
perfection  of  T elefcopes. 

There  is  another  Argument  by  which  it  may  appear  that 
the  different  refrangibility  of  Rays,  is  the  true  Caufe  of  the 
imperfection  of  Telefcopes.  For  the  Errors  of  the  Rays 
arifing  from  the  fpherieal  Figures  of  Objed>Glaffes;  are  as 
5  r  K  the 
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the  Cubes  of  the  apertures  of  the  Objedt- Glafles  5  and  therice 
to  make  Telefcopes  of  various  lengths,  magnify  with  equal 
diftindtnefs,  the  apertures  of  the  Objeft-Glafles,  and  the 
Charges  or  magnifying  Powers,  ought  to  beas  the  Cubes  of 
the  fquare  Roots  of  their  lengths  5  which  doth  not  anfwer 
to  Experience.  But  the  errors  of  the  Rays  arifing  from 
the  different  refrangibility,  are  as  the  apertures  of  the  Ob¬ 
ject- Glafles,  and  thence  to  make  Telefcopes  of  various 
lengths,  magnify  with  equal  diftindfnefs,  their  apertures  and 
charges  ought  to  be  as  the  fquare  Roots  of  their  lengths- 
and  this  anfwers  to  experience  as  is  well  known.  For  in- 
ftance,  a  Telefcope  of  6 4  Feet  in  length,  with  an  aperture 
of  2-j.  Inches,  magnifies  about  1 20  times,,  with  as  much  dif- 
.tinftnefs  as  one  of  a  Foot  in  length,  with  \  of  an  Inch  aper¬ 
ture,  magnifies  1 5  times. 

Now  were  it  not  for  this  different  refrangibility  of  Rays, 
Telefcopes  might  be  brought  to  a  greater  Perfection  than* 
we  have  yet  defcribed,  by  compofing  the  Objedt- Glafs  of 
two  Glafles  with  Water  between  them.  Let  ADFC  repre- 
¥%'  1°,fent  the  ObjeCb-Glafs  compofed  of  two  Glafles  ABED  arid 
and  BEFC,  alike  convex  on  the  outfides  AGD  and  CHF,. 
and  alike  concave  on  the  infides  BME,  BNE,  with  Water 
in  the  concavity  BMEN.  Let  the  Sine  of  Incidence  out  of 
Glafs  into  Air  be  as  I  to  R  and  out  of  Water  into  Air  as  K 
toR,  and  by  confequence  out  of  Glafs  into  Water,  as  I  to. 
K :  and  let  the  Diameter  of  the  Sphere  to  which  the  convex 
"fides  AGD  and  CHF  are  ground  be  D,  and  the  Diameter 
of  the  Sphere  to  which  the  concave  fides  BME  and  BNE 
are  ground  be  to  D,  as  the  Cube  Root  of  KK — KF  to  the 
Cube  Root  of  RK —  RI:  and  the  Refractions  on  the  con¬ 
cave  fides  of  the  Glafles,  will  very  much  correct  the  Errors 
of  the  Refractions  on  the  convex  fides,  fo  far  as  they  arife 
ffom  the  fphericalnefs  of  the.  Figure.  And  by  this  means 
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might  Telefcopcs  be  brought  to  fufficient  perfection,  were  it 
not  for  the  different  refrangibility  of  feveralforsofRays.  But 
by  reafon  of  this  different  refrangibility,  I  do  not  yet  fee  any 
other  means  of  improving  Telefcopes  by  Refractions  alone 
than  that  of  increaling  their  lengths,  for  which  end  the  late 
contrivance  of  Hugcnms  feems  well  accommodated.  For 
very  long  Tubes  are  eumberfome,  and  fcarce  to  be  readily 
managed,  and  by  reafon  of  their  length  are  very  apt  to 
bend,  and  (hake  by  bending  fo  as  to  caufe  a  continual 
trembling  in  the  Ob  jets,  whereby  it  becomes  difficult  to 
fee  them  diftintly  :  whereas  by  his  contrivance  the  Glafles 
are  readily  manageable,  and  the  Objct-Glafs  being  fixt  up¬ 
on  a  ftrong  upright  Pole  becomes  more  ft  eddy. 

Seeing  therefore  the  improvement  ofTelefcopcs  of  given 
lengths  by  Refractions  is  dc  ip  crate  •  I  contrived  heretofore  a 
Pcrfpetive  by  reflexion,  ufing  inftead  of  an  Objet  Glafs 
a  concave  Metal.  The  diameter  of  the  Sphere  to  which 
the  Metal  was  ground  concave  was  about  a  5  Englifli  Indies, 
and  by  confequencc  the  length  of  the  Inftrument  about  fix 
Inches  and  a  quarter.  The  Ilye-Glaft  was  plano-convex, 
and  the  Diametcrof  the  Sphere  to  which  the  convex  fide  was 
ground  was  about  of  an  Inch,  or  a  little  left,  and  by  con- 
fequcnce  it  magnified  between  30  and  40  times.  By  ano¬ 
ther  way  of  m eaiu ring  I  found  that  it  magnified  about 
35  times.  The  Concave  Metal  bore  an  aperture  of  an  Inch 
and  a  third  part  5  but  the  aperture  was  limited  not  by  an 
opakc  Circle,  covering  che  Limb  of  the  Metal  round  about, 
but  by  an  opakc  circle  placed  between  the  Eye-Glafs  and  the 
Eye,  and  perforated  in  the  middle  with  a  little  round  hole 
for  the  Rays  to  pals  through  to  the  Eye.  For  this  Circle 
by  being  placed  here,  ftopt  much  of  the  erroneous  Light, 
which  ocherwiic  would  have  difturbed  the  Vifion.  By  com¬ 
paring  it  with  a  pretty  good  Ferfpedive  of  four  Feet  in 
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fength,  made  with  a  concave  Eye-Glafs,  I  could  read  at  a> 
greater  diftance  with  my  own  Inftrument  than  with  the 
Glafs.  Yet  Objects  appeared  much  darker  in  it  than  in  the 
Glafs,  and  that  partly  becaufe  more  Light  was  loft'  by  re¬ 
flexion  in  the  Metal,  then  by  refradtion  in  the  Glafs,  and' 
partly  becaufe  my  Inftrument  was  overcharged.  Had  it 
magnified  but  30  or  ay  times  itwould  have  madethe  Object1 
appear  more  brisk  and  pleafant.  Two  of  thefelmade  about 
1 6  Years  ago,  and  have  one  of  them  ftill  by  me  by  which 
I"  can  prove  the-  truth  of  what  I  write.  Yet  it  is  not  fo  good 
as  at  thcfirft.  For  the  concave  has  been  divers  times  tar* 
nifhed  and  cleared. again,  by  rubbing  it  with  very  foft  Lea¬ 
ther.  When  I  made  thefe,  an  Artift  in  London  undertook' 
to. imitate  it;  but  ufing  another  way  of  polifhing  them 
than  I  did,  he  fell  much  fhort  of  what  I  had  attained  to, 
as  I  afterwards  underftood  by  difcourfing  the  under- Work¬ 
man. he  had  imployed.  The  Polifh  I  ufed  was  on  this  man¬ 
ner..  I  had.  two  round  Copper  Plates  each  fix  Inches  in 
Diameter,  the  one  convex  the  other  concave,  ground  ve¬ 
ry  true  to  one  another.  On  the  convex  I  ground  the  Ob¬ 
ject-Metal  or  concave  which  was  to  be  polifh’d,  till  it  had 
taken  the  Figure  of  the  convex  and  was  ready  for  a  Polifh. 
Then  I  pitched  over  the  convex  very  thinly,  by  dropping 
melted  pitch  upon  it  and  warming  •  it  to  keep  ■  the  pitch 
foft,  whilft  I  ground  it  with  the  concave  Copper  wetted  to 
make  it  fpread  ey  enly  all  .over  the  convex.  Thus  by  work¬ 
ing  it  well  I  made  it  as  thin,  as  a  Groat,  and  after  the  con¬ 
vex  was.  cold  I  ground:  it  again,  to  give  it  as.  true  a  Figure  as 
I  could.  Then  I  took.Putty  which  I  had .  made  very  fine 
by  warning  it  from,  all  its  groffer  Particles,  and;  laying  a  lit¬ 
tle  of  this  upon  the  pitch,  I  ground  it  upon  the  Pitch  with 
the  concave  Copper  till  it  had  done  making  a  noife ;  and 
then  upon  the  Pitch  I  ground  the.  Objed-Metal  with  a  brisk 
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Motion,  for  about  two  or  three  Minutes'  of  time,  leaning 
hard  upon  it.  Then  I  put  -frefh  Putty  upon  the  Pitch  and 
ground  it  again  till  it  had  done  making  a  noife,  and  after¬ 
wards  ground  the  Object  Metal  upon  it  as  before.  And 
this  Work  I  repeated  till  the  Metal  was  polifhed,  grinding 
it  the  laft  time  with  all  my  ftrength  for  a  good  while  toge¬ 
ther,  and  frequently  breathing  upon  the  Pitch  to  keep  it 
moift  without  laying  on  any  more  frefh  Putty.  The  Ob- 
jedt-Metal  was  two  Inches  broad  and  about  one  third  part 
of  an  Inch  thick,  to  keep  it  from  bending.  I  had. two  of 
thefe  Metals,  and  when  I  had  polifhed  them  both  I  tried 
which  was  belt,  and  ground  theother  again  to  fee  if  I  could 
make  it  better  than  that  which  I  kept.  And  thus  by  many 
Trials  I  learnt  the  way  of  polilhing,  till  I  made  thofe  two 
reflecting  PefpecHves  I  fpake  of  above.  For  this  Art  of 
polifhing.  will  be  better  learnt  by  repeated  Practice  than  by 
my  defeription.  Before  I  ground  the  Object  Metal  on  the 
Pitch,  I  always  ground  the  Putty  on  it  with  the  concave 
Copper  till  it  had  done  making  a  noife,  becaufe  if  the  Par¬ 
ticles  of  the  Putty  were  not  by  this  means  made  to -flick 
fafl  in-  the  Pitch,  they  would  by  rolling  up  and  down  grate 
and  fret  the  Object  Metal  and  fill  it  full  of  little  holes. 

But  becaufe  Metal  is  more  difficult  to  polifh  than  Glafs 
and  is.  afterwards  very  apt  to  be  fpoiled  by  tarnifhing,  and 
reflects  not  fo  much-Light  as  Glafs  quick-filvered  over  does: 
I  would  propound  toufeinflread of. theMetal,  a  Glafs. ground 
concave  on  the  forefide,  and  as  much  . convex  on  the  back- 
fide,  and  quick-filvered. over  on  the  convex  fide.  The  Glafs 
muft.  be  every  where  of  the  fame  thicknefs  exactly.  Other- 
wife  it  will  make  Objects  look  coloured  and  indiftindt.  By 
filch  a  Glafs  I  tried  about  five  or  fix  Years  ago  to  ma.ke 
a  reflecting  Telefcope  of  four  Feet  in  length  to  magnify  a- 
hout  1 50  times,  and  I  fatisfied  my  felf  that  there  wants  no- 


thing  but  a  good  Artift  to  bring  the  defign  to  PerfedKon. 
For  the  Glals  being  wrought  by  one  of  our  London  Artifts 
after  fuch  a  manner  as  they  grind  Glades  for  Telefcopes., 
tho  it  feemed  as  well  wrought  as  the  Objedt  Glafles  ufe  to 
be,  yet  when  it  was  quick-filvered,  the  reflexion  difcovered 
innumerable  Inequalities  all  over  the  Glafs.  And  by  reafon 
of  thefe  Inequalities,  Objedts  appeared  indiftindt  in  this  In- 
ftrument.  For  the  Errors  of  refledted  Rays  caufed  by  any 
Inequality  of  the  Glafs,  are  about  fix  times  greater  than  the 
Errors  of  refradted  Rays  caufed  by  the  like  Inequalities.  Yet 
by  this  Experiment  I  fatisfied  my  felf  that  the  reflexion  on 
the  concave  fide  of  the  Glafs,  which  I  feared  would  difturb 
the  vifion,didno  fenfibleprejudice  to  it,  and  by  confequence 
that  nothing  is  wanting  to  perfedt  thefe  Telefcopes,  but 
good  Workmen  who  can  grind  and  polifh  Glaflfes  truly  fphe- 
rical.  An  Objedt-Glafs  of  a  fourteen  Foot  Tel efcope,  made 
by  one  of  our  London  Artificers,  I  once  mended  confidera- 
bly,  by  grinding  it  on  Pitch  with  Putty,  and  leaning  ve¬ 
ry  eafily  on  it  in  the  grinding,  left  the  Putty  fhould  fcrateh 
it.  Whether  this  way  may  not  do  well  enough  for  polish¬ 
ing  thefe  refledting  Glaflfes,  I  have  not  yet  tried.  But  he 
that  flhall  try  either  this  or  any  other  way  of  polifhing  which 
he  may  think  better,  may  do  well  to  make  his  Glafles  rea¬ 
dy  for  polifhing  by  grinding  them  without  that  violence, 
wherewith  our  London  Workmen  prefs  their  Glalfes  in  grind¬ 
ing.  For  by  fuch  violent  preflfure,  Glafles  are  apt  to  bend 
a  little  in  the  grinding,  arid  fuch  bending  will  certainly  fpoil 
their  Figure.  To  recommend  therefore  the  confideracion 
of  thefe  refledting  Glafles,  to  fuch  Artifts  as  are  curious  ,  in 
figuring  Glaflfes,  I  flhall  defcribe  this  Optical  Inftrument  in 
the  following  Propofition. 
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PROP.  VII.  Prob.  II. 

To  jhortm  Tclefcopes. 

IE  T  ABDC  rcprcfenc  a  Glafs  fphcrically  concave  on  p, 
_j  the  forcible  AB,  and  as  much  convex  on  the  back-  ‘ 
fide  CD,  fo  that  it  be  every  where  of  an  equal  thicknefs.  Let 
it  not  be  thicker  on  one  fide  than  on  the  other,  left  it  make 
Objefks  appear  coloured  and  indiftind,  and  let  it  be  very 
truly  wrought  and  quick-filvcred  overon  the  backfide  $  and. 
fet  in  the  Tube  VXYZ  which  muft  be  very  black  within. 

Let  EFG  reprefent  a  Prifm  of  Glafs  or  Cryftal  placed  near 
the  other  end  of  the  Tube,  in  the  middle  of  it,  by  means  of 
a  handle  of  Br.ifs  or  Iron  FGK,  to  the  end  of  which  made 
flat  it  is  cemented.  Let  this  Prifm  be  re&angular  at  E,  and 
let  the  other  two  Angles  at  F  and  G  be  accurately  equal  to 
each  other,  and  by  eonfcqucncc  equal  to  half  right  ones,  and 
let  the  plane  fides  IT.  and  GR  be  fquare,  and  by  conie- 
qucncc  the  third  fidcFG  a  reft  angular  parallelogram,  whole 
length  is  to  its  breath  in  a  fubduplicatc  proportion  of  two 
to  one.  Let  it  be  fo  placed  in  the  Tube,  that  the  Axis  of 
the  Speculum  may  pals  through  the  middle  of  the  fquare 
fid*  F.F  perpendicularly,  and  by  confequcncc  through  the 
middle  of  the  fide  F  G  at  an  Angle  of  45  degrees,  and  let  the 
fide  F.F  be  turned  towards  the  Speculum,  and  the  diftance 
of  this  Prifm  from  the  Speculum  be  Inch  chat  the  Rays  of  the 
light  PQ,  RS,  flee.  w  hich  are  incident  upon  the  Speculum  in 
Lines  Parallel  to  the  Axis  thereof,  may  enter  the  Prifm  at 
the  fide  F.F,  ami  be  rettcefted  by  the  fide  F  G,  and  thence 
go  out  of  it  through  the  fide  GR,  to  the  point  T  which 
muft  be  the  common  Focus ol  the  Speculum  ABDC,  and  of 
a  Plano-convex  Eyc-Glab  II,  through  which  thole  Rays 
muft  pals  to  the  Lye.  And  let  the  Rays  at  their  coming 
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out  of  the  Glafs  pafs  through  a  fmall  round  hole,  or  aper¬ 
ture  made  in  a  little  Plate  of  Lead,  Brafs,  or  Silver,  where¬ 
with  the  Glafs  is  to  be  covered,  which  hole  mu  ft  be  no 
bigger  than  is  neceffary  for  light  enough  to  pals  through. 
For  fo  it  will  render  the  Object  diftind,  the  Plate  in  which 
’tis  made  intercepting  all  the  erroneous  part  of  the  Light 
which  comes  from  the  Verges  of  the  Speculum  AB.  Such 
an  Inftrument  well  made  if  it  be  6  Foot  long,  (  reckoning 
the  length  from  the  Speculum  to  the  Prifm,  and  thence  to 
the  Focus  T)  will  bear  an  aperture  of  6  Inches  at  the  Spe¬ 
culum,  and  magnify  between  two  and  three  hundred  times, 
But  the  hole  H  here  limits  the  aperture  with  more  advan¬ 
tage,  then  if  the  aperture  was  placed  at  the  Speculum.  If 
the- Inftrument  be  made  longer  or  fhorter,  the  aperture  muft 
be  in  proportion  as  the  Cube  of  the  fquarc  Root  of  the 
length,  and  the  magnifying  as  the  aperture.  But  its  con¬ 
venient  that  the  Speculum  be  an  Inch  or  two  broader  than 
the  aperture  at  the  leaft,  and  that  the  Glafs  of  the  Speculum 
be  thick,  that  it  bend  not  in  the  working.  The  Prifm  EFG 
muft  be  no  bigger  than  is  neceffary,  and  its  back  fide  FG 
muft  not  be  quick-filvered  over.  For  without  quiek-filver 
it  will  refled,  all  the  Light  incident  on  it  from  the  Speculum, 
In  this  Inftrument  the  Objed  will  be  inverted,  but  may 
be  ereded  by  making  the  fquare  fides  EF  and  LG  of  the 
Prifm  EFG  not  plane  but  fpherically  convex,  that  the  Rays 
may  crofs  as  well  before  they  come  at  it  as  afterwards  be¬ 
tween  it  and  the  Eye-Glafs.  If  it  be  defired  that  the  Inftru- 
ment  bear  a  larger  aperture,  that  may  be  alfo  done  by  com* 

pofing  the  Speculum  of  two  Glaffes  with  Water  between 
them. 
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PROP.  L  THEOR.  I. 

The  'phenomena  of  Colours  in  refracted  or  reflected  Light 
are  not  caujed  by  new  modifications  of  the  Light  variouf 
ly  imfrejl^  according  to  the  variom  terminations  of  the 
Light  and  Shadow. 

The  Proof  by  Experiments. 

E  X  P  E  R.  I. 

TT^OR  if  the  Sun  fhine  into  a  very  dark  Chamber  pig.  r„ 
through  an  oblong  Hole  F,  whole  breadth  is  the 
fixth  or  eighth  part  of  an  Inch,  or  fomething  lefs  j  and 
his  Beam  F  H  do  afterwards  pafs  firft  through  a  very 
large  Prifm  ABC,  diftant  about  20  Feet  from  the 
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Hole,  and  parallel  to  it,  and  then  (with  its  white  part) 
through  an  oblong  HoleH,  whofe  breadth  is  about 
the  fortieth  or  fixtieth  part  of  an  Inch,  and  which  is 
made  in  a  black  opake  Body  G  I,  and  placed  at  the 
diftance  of  two  or  three  Feet  from  the  Prifm,  in  a  pa¬ 
rallel  fituation  both  to  the  Prifm  and  to  the  former 
Hole,  and  if  this  white  Light  thus  tranfmitted  through 
the  Hole  H,  fall  afterwards  upon  a  white  Paper  pt, 
placed  after  that  Hole  H,  at  the  diftance  of  three  or 
four  Feet  from  it,  and  there  paint  the  ufual  Colours  of 
the  Prifm,  fuppofe  red  at  t,  yellow  at  s,  green  at  r, 
blue  at  q,  and  violet  at  p  ]  you  may  with  an  iron  Wire, 
or  any  fuch  like  (lender  opake  Body,  whofe  breadth  is 
about  the  tenth  part  of  an  Inch,  by  intercepting  the  rays, 
at  k,  1,  m,  n  or  6,  take  away  any  one  of  the  Colours 
at  t,  s,  r,  q  or  p,  whilft  the  other  Colours  remain  up¬ 
on  the  Paper  as  before ;  or  with  an  obftacle  lbmething, 
bigger  you  may  take  a  way  any  two,  or  three,  or  four  Co¬ 
lours  together,  the  reft  remaining :  So  that  any  one  of 
the  Colours  as  well  as  violet  may  become  outfnoft  in 
the  confine  of  the  lhadow  towards  p,  and  any  one  of 
them  as  well  as  red  may  become  outmoft  in  the  confine 
of  the  lhadow  towards  t,  and  any  one  of  them  may  alfa 
border  upon  the  fhadow  made  within  the  Colours  by 
the  obftacle  R  intercepting  fome  intermediate  part  of 
the  Light ;  and,  lattly,  any  one  of  them  by « being 
left  alone  may  border  upon  the  lhadow  on  either  hand.. 
All  the  Colours  have  themfelves  indifferently  to  any 
confines  of  lhadow,  and  therefore  the  differences  of  thele 
Colours  from  one  another,  do  not  arife  from  the  diffe¬ 
rent  confines  of  lhadow,  whereby  Light  is  varioully 
modified  as  has  hitherto  been  the  Opinion  of  Phildfo- 

phers. 


phers.  In  trying  thefe  things  ’tis  to  be  obferved,  that 
by  how  much  the  Holes  F  and  H  are  narrower,  and  the 
intervals  between  them,  and  the  Prifm  greater,  and  the 
Chamber  darker,  by  fo  much  the  better  doth  the  Ex¬ 
periment  lucceed  ;  provided  the  Light  be  not  fo  far 
diminiffied,  but  that  the  Colours  at  p  t  be  fufficiently 
vifible.  To  procure  a  Prifm  of  folid  Glafs  large  enough 
for  this  Experiment  will  be  difficult,  and  therefore  a 
prifmatick  Veffel  muft  be  made  of  poliffied  Glafs-plates 
cemented  together,  and  filled  with  Water. 

EX  PER.  II. 

The  Sun’s  Light  let  into  a  dark  Chamber  through  Fig. 
the  round  Hole  F,  half  an  Inch  wide,  palled  fir  ft  through 
the  Prifm  ABC  placed  at  the  Hole,  and  then  through 
a  Lens  PT  fomething  more  than  fourlnches  broad, and 
about  eight  Feet  diftant  from  the  Prifm, and  thence  con¬ 
verged  to  O  the  Focus  of  the  Lens  diftant  from  it  about 
three  Feet,  and  there  fell  upon  a  white  Paper  DE.  If 
that  Paper  was  perpendicular  to  that  Light  incident  up¬ 
on  it,  as  ’tis  reprelented  in  the  pofture  D  E,  all  the  Co¬ 
lours  upon  it  at  O  appeared  white.  But  if  the  Paper 
being  turned  about  an  Axis  parallel  to  the  Prifm,  be¬ 
came  very  much  inclined  to  the  Light  as  ’tis  reprefen- 
ted  in  the  petitions  de  and  fo ;  the  fame  Light  in  the 
one  cafe  appeared  yellow  and  red,  in  the  other  blue. 
-Here  one  and  the  fame  part  of  the  Light  in  one  and  the 
.fame  place,  according  to  the  various  inclinations  of  the 
Paper,  appeared  in  one  cafe  white,  in  another  yellow 
<or  red,  in  a  third  blue,  whilft  the  confine  of  Light  and 
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Shadow,  and  the  refractions  of  the  Prifm  in  all  thefe 
cafes  remained  the  lame. 

EX  PER.  III. 

Such  another  Experiment  may  be  more  eafily  tried 
as  follows.  Let  abroad  beam  of  the  Sun’s  Light  coming 
into  a  dark  Chamber  through  a _ Hole  in  riie  Window 
fliut  be  refracted  by  a  large  Prifm  ABC,  whole  re. 
fra&ing  Angle  C  is  more  than  60  degrees,  and  fo  Toon 
as  it  comes  out  of  the  Prifm  let  it  fall  upon  the  white 
Paper  DE  glewed  upon-  a  ftiff  plane,,  and  this  Light,,, 
when  the  Paper  is  perpendicular  to  it,  as  7tis  reprelen- 
ted  in  DE,  will  appear  perfectly,  white  upon  the  Paper,, 
but  when  the  Paper  is  very  much  inclined  to  it  in  l'uch 
a  manner  as  to  keep  always  parallel  to  the  Axis  of  the 
Prifm,  the  whitenefs  of  the  whole  Light  upon  tile 
Paper  will  according  to  the  inclination  of  the  Paper 
this  way,  or  that  way,  change  either  into  yellow  and 
red,  as  in  the  pofture  de,  or  into  blue  and  violet,  as 
in  the  pod ure  And  if  the  Light  before  it  fall  upon 
the  Paper  be  twice  refraSed,  the  fame  way  by,  two  pa¬ 
rallel  Prifms,  thefe  Colours  will  become- the  more  con- 
fpicuous.  Here.all  the  middle  parts  of  the- broad  beam 
of  white  Light  which  fell- upon  the  Paper,  did  without 
any  confine  oflhadow  to  modify  it,  become  coloured, 
all  over  with,  one  uniform  Colour,  the  Colour  being  al¬ 
ways  the  lame-  in  the  middle-  of  the  Paper  as  at-  the. 
cages,  and  this  Colour  changed  according  the-  various  , 
obliquity  of  the  reflecting  Paper,  without  any  change 
in  the  refractions  or  lhadow,  or  in  -  the  Light  which 
fell  upon  the  Paper.  And.  therefore;  thefe  Colours  are  . 


■’’Wr  ^ 
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to  be  derived  from  fome  other  caufe  than  the  new  mo- 

-  difications  of  Light  by  refractions  and  fhadows. 

-  If  it  be  asked,  What  then  is  their  caufe?  I  .anfwer, 

-  That  the  Paper  in  the  pofture  de ,  being  more,  ob¬ 
lique  to  the  more  refrangible  rays  than  to  the  lefs  re¬ 
frangible  ones,  is  more  ftrongly  illuminated  by  the  lat¬ 
ter  than  by  the  former,  and  therefore  the  lefs  refran¬ 
gible  rays  are  predominant  in  the  reflected  Light.  And 
wherever  they  are  predominant  in  any  Light  they  tinge 
it  with  red  or  yellow,  as  may  in  fome  meafure  appear  by 
the  firff  Proportion  of  the  firft  Book, and  will  more  fully 
appear  hereafter. .  And  the  contrary  happens  in  the 
pofture  of  the  Paper  the  more  refrangible  rays  be- 

,  mg  then  predominant  which. always  tinge  Light  with 
blues  and  yiolets. 

EXPEK.  IV. 

'  .■  2  V  L" 

The  Colours  of  Bubbles  with  which  Children  play 
are  Various,  and  change  their  fituation  varioufly,  with¬ 
out  any-  refpeCt  to  any  confine  of  fliadow.  If  fuch  a 
Bubble  be  covered  with  a_ concave  Glafs,  to  keep  it  from 

1  being  agitated  by  any  wind  or  motion  of  the  Air,  .the 
Colours  will  flowly  and  regularly  change  their  fitua- 
tion,  even  whilft  the  Eye, .  and  the  Bubble;,  and  all  Bo-  - 
dies  which  emit  any.  Light,  or  caff  any  lhadow,  re- 

I  main  unmoved..  AndL therefore  their  Colours  arife  from 
fome  regular  caufe  which  depends  not  on  any  confine  of 
fhadow-  What  this  caufe  is  will  be  fliewed  in  the  next 

.  Book. . 
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To  thefe  Experiments  maybe  added  the  tenth  Ex¬ 
periment  of  the  fitft  Book,  where  the  Sun’s  Light  in  a 
dark  Room  being  trajeded  through  the  parallel  fuperfi- 
cies  of  two  Prifms  tied  together  in  the  form  of  a  Paral- 
lelopicfe,  became  totally  of  one  uniform  yellow  or  red 
Colour,  at  its  emerging  out  of  the  Prifms.  Here,  in 
the  production  of  thefe  Colours,  the  coniine  of  lliadow 
can  have  nothing  to  do.  For  the  Light  changes  from 
white  to  yellow, orange  and  red  1  uccefii  vcly,w  i  thou t  any 
alteration  of  the  confine  of  fliadow:  -And  at  both  edges  of 
the  emerging  Light  where  the  contrary  confines  of  Ilia- 
dow  ought  to  produce  different  elfedts,  the  Colour  is 
one  and  the  fame,  whether  it  be  white,  yellow,  orange 
or  red  :  And  in  the  middle  of  the  emerging  Light, 
where  there  is  no  confine  of  fliadow  at  all,  the  Colour 
is  the  very  fame  as  at  the  edges,  the  whole  Light  at  its 
very  firft  emergence  being  of  one  uniform  Colour,  whe¬ 
ther  white,  yellow,  orange  or  red,  and  going  on  thence 
perpetually  without  any  change  of  Colour,  l'uch  as  the 
confine  of  fliadow  is- vulgarly  l’uppofed  to  work  in  re¬ 
folded  Light  after  its  emergence.  Neither  can  thefe 
■Colours  arife  from  any  new  modifications  of  the  Light 
by  refractions,  becaufe  they  change  l’ucceflively  from 
white  to  yellow,  orange  and  red,  while  the  rdf  actions 
remain  the  fame,  and  alfo  bccaufe  the  rdfadtions  are 
made  contrary  ways  by  parallel  fupcrlicies  which  de- 
ltroy  one  anothers  effects.  They  arife  not  therefore 
from  any  modifications  of  Light '  made  by  rdfadtions 
andfhadows,  but  have Tome  other  caul'e.  What  that 
caufe  is  we  fhewed  above  in  this  tenth  experiment, 
-and  need  not  here  repeat  it. 
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There  is  yet  another  material  circumftance  of  this 
Experiment.  For  this  emerging  Light  being  by  a  third  Fig.  a  % 
Prifm  HI  K  refratted  towards  the  Paper  FT,  and  there  Tart  1. 
painting  the  ufual  Colours  of  the  Prifm,  red,  yellow, 
green,  blue,  violet  :  If  thole  Colours  arofe  from  the 
refra&ions  of  that  Prifm  modifying  the  Light,  they 
would  not  be  in  the  Light  before  its  incidence  on  that 
Prifm.  And  yet  in  that  Experiment  we  found  that 
when  by  turning  the  two  lirfl  Prifms  about  their  com¬ 
mon  Axis  all  the  Colours  were  made  to  vanifli  but  the 
red ;  the  Light  which  makes  that  red  being  left  alone, 
appeared  of  the  very  fame  red  Colour  before  its  inci¬ 
dence  on  the  third  Prifm.  And  in  general  we  find  by 
other  Experiments  that  when  the  rays  which  differ  in 
refrungibility  are  l’epa rated  from  one  another,  and  any 
©ne  fort  of  t  hem  is  eonlidered  apart,  the  Colour  of  the 
Light  which  they  compote  cannot  be  changed  by  any 
refraction  or  reflexion  whatever,  as  it  ought  to  be  were 
Colours  nothing  elfe  than  modilications  of  Light  caulecl 
by  refractions,  and  reflexions,  and  lhadows.  This  un- 
changeablenefs  of  Colour  1  am  now  to  delcribe  in  the 
following  Proportion. 


V.  11.  THE 


M  honm^eneal  Jrght  ha%  its  proper  Colour  anf'wering  to 
ifr  decree  ol ’  relrauLnkility*  and  that  Colour  cannot  fa' 
changed  ho  reflexion*  and  ref r actions. 

In  the  Experiments  of  the  4th  Proportion  of  the  fir  A; 
Book,  when  1  had  fc  pa  rated  the  heterogeneous  rays 
from  one  another, the  Sped! rum  pt  formed  by  the  depu¬ 


rate 


rated  rays,  did  iii  the  progrefs  from  its  end  p,  on  which 
the  moft  refrangible  rays  fell,  unto  its  other  end.  t,  on 
which  the  leaft  refrangible  rays  fell,  appear  tinged  with 
this  Series  of  Colours,  violet,  indico,  blue,  green,  yel¬ 
low-orange,  red,  together  with  all  their  intermediate 
degrees  in  a  continual  fucceffion  perpetually  varying  : 
So  that  there  appeared  as  many  degrees  of  Colours,  as 
there  were  forts  of  rays  differing  in  refrangibility. 

EXPER.  V. 

Now  that  thefe  Colours  could  not  be  changed  by  re¬ 
fraction,  -I  knew  by  refra'Cting  with  a  Prifm  fometimes 
one  very  little  part  of  this  Light,  fometimes  another 
very  little  part,  as  is  defcribed  in  the  i  nth  Experiment 
of  the  firft  Book.  For  by  this  refraction  the  Colour  of 
the  Light  was  never  changed  in  the  leaft.  If  any  part 
of  the  red  Light  was  refraded,  it  remained  totally  of 
the  fame  red  Colour  as  before.  No  orange,  no  yel¬ 
low,  no  green,  or  blue,  no  other  new  Colour  was  pro¬ 
duced  by  that  refraCtion.  Neither  did  the  Colour  any 
ways  change  by  repeated  refractions,  but  continued  al¬ 
ways  the  fame  red  entirely  as  at  firft.  The  like  con- 
ftancy  and  immutability  !  found  alfo  in  the  blue,  green, 
and  other  Colours.  So  alfo  if  I  looked  through  a  Prifm 
upon  any  body  illuminated  with  any  part  of  this  homo- 

geneal  Light,  as  ba  the  14th  Experiment  of  the  firft 
Book  is  defcribed.;  I  could  not  perceive  any  new  Co¬ 
lour  generated  this  way.  All  Bodies  illuminated  with 
compound  Light  appear  through  Prilms  confuted  ( as 
was  laid  above)  and  tinged  with  various  new  Colours, 
hut  thofe  illuminated  with  .homogeueal  Light  appeared 

through 


through  Prilnis  neither  left  diftindt,  not  otherwile  co¬ 
loured,  than  when  viewed  with  the  naked  Eyes.  Their 
Colours  were  not  in  the  lea  ft  changed  by  the  refra&ion 
of  the  •  interpofed  Prifm.  1  i'peak  here  of  a  fenlible 
change  of  Colour  :  For  the  I  aght  which  1  here  call  ho~ 
mogeneal,  being  not  ab'blutely  houiogeneal,  there  ought, 
to  atilc  ionic  little  change  oi  Colour  from  its  heteroge¬ 
neity.  But  it  that  heterogeneity  was  lb  little  as  it  might 
be  made  by  the  laid  Experiments  of  the  fourth  Propo¬ 
rtion,  that  change  was  not  leniible,  and  therefore,  in 
Experiments  where  fenie  is  judge,  ought  to  be  accoun¬ 
ted  none  at  all, 

E  X  P  E  R.  V  I 


And  as  thrfe  Colours  were  not  changeable  by  refra- 
5,  lb  neither  were  they  by  reflexions.  For  all 
white,  grey,  red,  yellow,  green,  blue,  v  iolet  Bodies,  as 
Paper,  Allies,  red  Lead,  Orpiment,  Indico,  Bile,  Gold, 
Silver,  Copper,  Graft,  blue  Flowers,  Violets,  Bubbles 
of  Water  tinged  with  various  Colours,  Peacock’s  Fea- 

re  of  Lignum  Neflnriuwn^  and  iuch 
geneal  Light  appeared  totally  red,  in 
in  green  Light  total lj^green, 

y  all  appeared  totally  of  that  lame 
only  dittcrcnce,  that  fame  of  them 
gly.  others  more  faint  ly, 
cu  by  refecting 
ee  its  Colour. 
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From  all  which  it  is  nranifeft,  that  if  the  Sun’s  Light 
confided  of  but  one  fort  of  rays,  there  would  be  but 
one  Colour  in  the  whole  World,  nor  would  it  bepof. 
fible  to  produce  any  new  Colour  by  reflexions  and  re* 
fractions,  and  by  eonfequence  that  the  variety  of  Co¬ 
lours  depends  upon  the  compofition  of  Light. 

fSEflHlt  to  AT. 

The  homogeneal  light  and  rays  which  appear  red, 
or  rather  make  Objects  appear  lb,  I  call  rubrific 
or  red-makng  ;  thole  which  make  Objects  appear 
yellow,  green,  blue  and  violet,  I  call  yellow-ma¬ 
king,  green-making,  blue-making,  violet-making, 
and  lb  of  the  reft.  And  if  at  any  time  I  fpeak  of 
light' and  rays  as  coloured  or  endued  with  Co¬ 
lours,  I  Would  be  undefftood  to  fpeak  not  philo- 
fophically  and  properly,  but  grolly,  and  accor¬ 
ding  to  futh  conceptions  as  vulgar  People  in  fee¬ 
ing  'all  thefe  Experiments  would  be  apt  to  frame. 
For  the  rays  to  Ipeak  properly  are  not  coloured. 
In  them  there  is  nothing  elie  than  a  certain  power; 
and  dilpolition  to  for  up  a  lenfation  of  this  or  that 
Colour.  For  ns  found  inn  Bell  or  mufical  String,, 
or  other  founding  Body,  is  nothing  but  a  trem¬ 
bling  Motion,  and  in  the  Air  nothing  but  that . 

.  Motion  propagated  from  the.  Objeft,  and  in  the 
Senforinm  ’’tis  a  fenfe  of  that  Motion  under  the 
frff  m  of  found  ;  lb  Colours  in  the  Objeff  are.  no¬ 
thing  but  a  dilpolition  to  reftedt  this  or  that  fort 
of  rays more,  copioully. than  the  reft in  the  rays 
they  are  nothing  but  their  dilpoiitions  to  propa- 


gate  this  or  that  Motion  into  the  S^fariuta,  and 
in  the  Senforium  they  are  fienfations  qf  thofe  Mo¬ 
rions  under  the  forms  of  Colours. 


P  R O  P.  I II.  PRO B.  i. 

To  define  the  refrangi&ility  of  the  J  ever  fit  farts  of  homo-* 
geneal  Light  anjyoering  to  the  feverql  Colours. 

For  determining  this  Problem  I  made  the  following 
Experiment. 

EXPER.  VII. 

f  When  I  had  caufed  the  rectilinear  line  fides  AF,  CM,  pig.  4. 
of  the  SpeCtr  um  of  Colours  made  by  the  Prifm  to  he 
diftinCtly  denned,  as  in  the  fifth  Experiment  of  the 
firft  Book  is  defcribed,  there  were  found  in  it  all  the 
homogen eal  Colours  in  the  fame  order  and  lituation 

one  .among  another  as  in  the  SpeCtrum  of  fimple  Light, 

defcribed  in  the  fourth  Experiment  of  that  Booh*  For 
the  Circles  of  which  the  Spefitruro  of  compound  Light 
PT  is  compofed,  and  which  in  the  middle  parts  of 
the  SpeCtruni  interfere  and  are  intermixt  with  one  ano¬ 
ther,  are  not  intermixt  in  their  oufimoft  parts  wh(ere 
they  touch  thofe  rectilinear  fides  AF  and  GM.  And 
therefore  in  thofe  rectilinear  fides  when  diftinCtly  defir 
ned,  there  is  no  new  Colour  generated  by  refraction.  I 
obferved  alfo,  that  if  any  where  between  the  two  out- 
moft  Circles  T  M  F  and  P  G  A  a  right  fine,  as  y*,  was 
crofs  to  the  SpeCtruin,  fo  as  at  both  ends  to  fall  pei> 
pendicularly  upon  its  rectilinear  fides, '  there  appeared  { 
y't  ■ :  M  2  one 


one  and  the  fame  Colour  and  degree  ot  Colour  from  one 
end  of  this  line  to  the  other.  1 delineated  therefore  in 
a  Paper  the  perimeter  of  the  Spe&trum  b  APGMT, 
and  in  trying  the  third  Experiment  of  the  full  Book,  I 
held  the  Paper  fo  that  the  Spectrum  might  tall  upon 
this  delineated  Figure,  and  agree  with  it  exactly,  whilft 
an  Afliftant  whofe  Eyes  for  diltinguilhirig  Colours  were 
more  critical  than- mine,  did  by  right  lines  *tvrV<;,cb. 
drawn  crofs  the  Spe&rum,  note  the  coniines  of  the  Co¬ 
lours  that  is  of  the  red  F  of  the  orange  0f 
the  yellowy*?^,  of  the  green 8 « 8 ?,  ot  the  blue 
of  the  indico  tx,«*,  and  of  the  violet  xGAm.  And 
this  operation  being  divers  times  repeated  both  in  the 
fame  and  in  feveral  Papers ,  1  found  that  the  Ob* 
fervations  agreed' well  enough  with  one  another,  and 
that  the  reffi  linear  fules  M  G  and  F  A  were  by  the  laid 
crols  lines  divided  after  the  manner  of  a  mulieal.  Chord, 


Let  GM  be  produced  to  X,  that  MX  may  be  equal 
to  G  M,  and  conceive  G  X,  x  X, 1 X, r'  X,  *  X,  y  X,  «■  X, 
MX,  to-be  inproportion  to  one  another,  as  the  num¬ 
bers  i,  ®,  L  L  }’  | >  rs>  G  and  lb  to  reprefent  the 
Chords  of  the  Key,  and  of  a  Tone,  a  third  Minor,  a 
fourth,,  a  fifth,  a  fixth  Major,  a  i'eveiith,  and  an  eighth 
above  that  Key :  And  the  intervals  M  a ,  «  y ,  y » , «« ,  vt, 
and  xG,  will  be  the  ipaces  which  the  feveral  Co¬ 
lours  (  red,  oranger  yellow,  green,  blue,  indico,  violet) 
take  up. 

Now  thefe  intervals  or  ipaces  fubtending  the  tliffe-- 
rentes  of  the  reffaft ions  of  the  rays  going  to  the  limits 
of  thole  Colours-,  that  is,  to  the  points  M, «,  >•,  t, x,  G, 
may  without  any  fenlible  Error  be  accounted  propor¬ 
tional  to  the  differences  of  the  lines  of  refraction  ofthofe 

rays 


rays  having  one  common  fine  of  incidence,  and  there¬ 
fore  lince  the  common  fine  of  incidence  of  the  molt  and 
leaft  refrangible  rays  out  of  Glafs  into  Air  was,  (by  a 
method  ddcribed  above  )  found  in  proportion  to  their 
fines  of  refraction,  as_  50  to  77  and  78,  divide  the  dif¬ 
ference  between  the  fines  of  refraction  77  and  78,  as  the 
line  G  M  is  divided  by  thole  intervals,  you  will  have 

77}  77.L  77]  *  77'.  11?  17'?  77 J,  7y»  fines  of 

refraction  ot  thole  rays  out  ot  Glafs  into  Air,  their 

common  fine  of  incidence  being  50.  So  then  the  fines 
of  the  incidences  of  all  the  red-making  rays  out  of 
Glafs  into  Air,  were  to  the  lines  of  their  retractions, 
not  greater  than  50  to  77,  nor  Ids  than  50  to  77J,  but 
varied  from  one  another  according  to  all  interme¬ 
diate  Proportions.  And  the  lines  of  the  incidences 
of  the  green-making  rays  were  to  the  fines  of 
their  refractions  in  all  proportions  from  that  of  50 
to  77',,  unto  that  of  50  to  77A  And  by  the  like  limits 
above-mentioned  were  the  retractions  of  the  rays  be¬ 
longing  to  the  reft  of  the  (Colours  defined,  the  lines  of 
the  red-making  rays  extending  from  77  to  77- ,  thole 
of  the  orange-making  from  77  ~  to  77-  >  thole  of  the  yel¬ 
low-making  from  "7;  to  77  j,  t  hole  of  the  green-making 
from  77;  to  77},  thole  of  the  blue-making  from  77-  to 
77},  thole  ot  the  indico-mukiug  from  jy\  to  77’-,  and 
thole  of  the  violet  from  77’  to  78. 

Thefe  ate  the  Laws  of  the  refractions  made  out  of- 
Gla^jnfcyAir,  and  thence  by  the  thir<£  Axiom  of  the 
firftjSook^’the  f  .»iw>  of  the  refractions  made  out  of  Air 
into  Glafs  ureeuluv  derived. 
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EXPER.  VIII. 

I  found  moreover  that  when  Light  goes  out  of  Air 
through  feveral  contiguous  refraCting  Mediums  as 
through  Water  and  Glafs,  and  thence  goes  out  again 
into  Air,  whether  the  refradting  iuperficies  be  parallel 
or  inclined  to  one  another,  that  Light  as  often  as  by 
contrary  refractions  ’tis  fo  corrected,  that  it  emergeth 
in  lines  parallel  to  thofe  in  which  it  was  incident, 
continues  ever  after  to  be  white.  But  if  the  emer¬ 
gent  rays  be  inclined  to  the  incident,  the  whitenefs  of 
the  emerging  Light  will  by  degrees  in  palling  on  from 
the  place  of  emergence,  become  tinged  in  its  edges  with 
Colours.  This  Itryed  by  refra&ing  Light  with  Prifms 
of  Glafs  within  a  prifmatick  Veffel  of  Water.  Now  thofe 
Colours  argue  a  diverging  and  feparation  of  the  hetero¬ 
geneous  rays  from  one  another  by  means  of  their  un¬ 
equal  refraCtions,  as  in  what  follows  will  more  fully 
appear.  And,  on  the  contrary,  the  permanent  white¬ 
nefs  argues,  that  in  like  incidences  of  the  rays  there  is 
no  fudh  feparation  of  the  emerging  rays,  and  by  confe- 
quence  no  inequality  of  their  whole  refraCtions.  Whence 
1  leem  to  getker  thetwo  following  Theorems. 

i.  The  Exceffes  of  the  fines  of  refraCtion  of  leveral 
■forts  of  rays  above  their  common  fine  of  incidence  when 
the  refraCtions  hfo  made  out  of  divers  denfer  mediums 
immediately  into  one  and  the  lame  rarer  medium,  are 
to  one  another  in  a  given  Proportion. 


a.  The 
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2.  The  Proportion  of  the  fine  of  incidence  to  the  fine 
of  refaction  of  one  and  the  fame  fort  of  rays  out  of  one 
medium  into  another,  is  compofed  of  the  Proportion  of 
the  fine  of  incidence  to  the  fine  of  refraCtion  out  of  the 
firft  medium  into  any  third  medium,  and  of  the  Pro¬ 
portion  of  the  fine  of  incidence  to  the  fine  of  refraction 
out  of  that  third,  medium  into  the  fecond  medium. 

By  the  firft  Theorem  the  refractions  of  the  rays  of 
every  fort  made  out  of  any  medium  into  Air  are  known 
by  having  the  refaction  of  the  rays  of  any  one  fort.  As 
for  inftance,  if  the  refractions  of  the  rays  of  every  fort 
out  of  Rain-water  into  Air  be  defired,  let  the  common 
fine  of  incidence  out  of  Glafs  into  Air  be  fubduCted 
from  the  fines  of  refaction,  and  the  Exceffes  will  be 
27,  271,  37!,  271-,  27-;,  271,  271,28.  Suppofe now 
that  the  fine  of  incidence  of  the  leaft  refrangible  rays  be 
to  their  fine  of  refraCtion  out  of  Rain-water  into  Air  as 
three  to  four,  and  fay  as  1  the  difference  of  thofe  fines 
is  to  3  the  fine  of  incidence,  fo  is  27  the  leaft  of  the 
Exceffes  above-mentioned  to  a  fourth  number  81  j  and 
8,j.  will  be  the.  common  fign  of  incidence  out  of  Rain¬ 
water  into  Air,  to  which  fine,  if  you  add  all  the  above- 
mentioned  Exceffes  you  will  have  the  defired  fines  of  . 
the  refractions  108,  io8t 1  081,  io8f , .  io8i , .  io8f , , 
io8j  ,  109. 

By  the  latter  Theorem  the  refraCtion  out  of  one  me¬ 
dium  into  another  is  gathered  as  often  as  you  have 
the  refactions  out  of  them  both  into  any  third  medium. 
As  if  the  fine,  of  incidence  of  any  ray  out  of  Glafs  into 
Air  be.  to  its  fine  of  refraCtion  as  20  to  31,  and  the  fine 
of  incidence  of  the  lame  ray  out  of  Air  into  Water,  be 

to 


-to  its  fine  of  refraction  as  four  to  three ;  the  line  of 
incidence  of  that  ray  out  of  Glafs  into  Water  will  be  to 
its  fine  of  refraCtion  as  20  to  .3 1  and. 4  to  3  joyntly,  that 
is,  as  the  FaCtum  of  20  and  4  to  the  FaCtmn  of  5 1  and 
3,  or  as  80  to  93. 

'  And  thefe  Theorems  being  admitted  into  Opticks, 
there  would  be  ficope  enough  of  handling  that  Science 
voluminoufly  after  a  new  manner  ;  not  only  by  teaching 
thole  things  which  tend  to  the  perfection  of  vifion,  but 
alfo  by  determining  mathematically  all  kinds  of  Pheno¬ 
mena  of  Colours  which  could  be  produced  by  refra¬ 
ctions.  For  to  do  this,  thefe  is  nothing  elfe  requifite 
than  to  find  out  the  reparations  of  heterogeneous  rays, 
and  their  various  mixtures  and  proportions  in  every 
mixture.  By  this  way  of  arguing  I  invented  almoft 
all  the  Phenomena  defcribed  in  thefe  Books,  betide  fome 
others  lefs  necefifary  to  the  Argument  and  by  the 
fucceffes  I  met  with  in  the  tryals,  I  dare  promife,  that 
to  him  who  lhall  argue  truly,  and  then  try  all  things 
with  good  Glaffes  and  fufficknt  circumfpedion,  the 
expected  event  will  not  be  wanting.  But  fie  is  firft  to 
know  what  Colours  will  arife  from  any  others  mixt  in 
any  afligned  Proportion. 

PROP.  IV.  THE  OR.  III. 

■  Colours  may  be  produced  by  compofition  winch  jball  be  like 
to  the  Colons  of  bomogened  Light  as  to  the  appearance 
of  Colour ,  but  not  as  to  the  immutability  of  Colour  and 
conjlitution  of  Light.  And  thofe  Colours  by  how  much 
they , are  more  compounded  by  j'o  much  are  they  lefs  full 
.and  inteufep and  by  too  much  compofition  'hey  may  be 


tinted  and  wakened  till  tiny  reale.  'There  may  A? 
alio  Colours  produced  !y  nmpnftlum^  -vtbicb  are  not  fully 
like  any  of  the  Colours  of  hunryeneal  Tight , 

For  a  mixture  of  homogeneal  red  and  yellow  com¬ 
pounds  an  orange,  like  in  appearance  of  Colour  to  that 
orange  which  in  the  lories  of  unmixed  prilimtick  Co¬ 
lours  lies  between  them ;  but  the  Light  of  one  orange 
is  homogeneal  as  to  refrangibility,  that  of  the  other  is 
heterogenea  1,  and  the  Colour  of  the  one,  if  viewed 
through  a  Prilm,  remains  unchanged,  that  of  the  other 
is  changed  and  relblved  into  its  component  Colours  red 
and  yellow.  And  after  the  lame  manner  other  neigh¬ 
bouring  homogeneal  Colours  may  compound  new  Co¬ 
lours,  like  the  intermediate  homogeneal  ones,  as  yel¬ 
low  and  green,  the  Colour  between  them  both,  and  af¬ 
terwards,  if  blue  be  added,  there  will  be  made  a  green 
the  middle  Colour  of  the  three  which  enter  the  compo- 
lition.  For  the  yellow  and  blue  on  either  hand, if  they  are 
equal  in  quantity  they  draw  the  intermediate  green  equal¬ 
ly  towards  themfeives  in  competition,  and  lb  keep  it  as 
it  were  in  equilibrio,  that  it  verge  not  more  to  the 
yellow  on  the  one  hand,  than  to  the  blue  on  the  other, 
but  by  their  mixt  actions  remain  (till  a  middle  Colour. 
To  this  mixed  green  there  may  be  further  added 
Cornered  and  violet,  and  yet  the  green  will  not  prelene- 
ly  ccali*  but  only  grow  lets  full  and  vivid,  and  by  in- 
creating  the  red  and  violet  it  will  grow  move  and  more 

prevalence  of  t he  added  Colours  it 
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or  tome  other 


Colour,  So  if  to  the  Colour  of  any  homogeneal  l  dght, 
s  white  Light  com  poled  of  all  torts  of  rays  be 
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added,  that  Colour  will  not  vanifli  or  change  its  fpe- 
cies  but  be  diluted,  and  by  adding  more  and  more  white 
it  will  be  diluted  more  and  more  perpetually.  Lafl> 
ly,  if  red  and  violet  be  mingled,  there  will  be  generated 
according  to  their  various  Proportions  various  Purples, 
fuch  as  are  not  like  in  appearance  to  the  Colour  ol  any 
homogeneal  Light,  and  of  thefe  Purples  mixt  with  yel¬ 
low  and  blue  may  be  made  other  new  Colours. 

PROP.  V.  THEOR.  IV. 

Whitenefs  and  all  grey  Colours  between  white  and  blacky 
may  be  compounded  of  Colours ,  and  the  whitenejs  of  the 
Surfs  Light  is  compounded  of  all  the  primary  Colours 
mixt  in  a  due  proportion. 

The  Proof  ly  Experiments. 

EX  PER.  IX. 

.  The  Sun  Alining  into  a  dark  Chamber  through  a 
little  round  Hole  in  the  Window  Unit,  and  his  Light 
being  there  refra£ted  by  a  Prilin  to  cult  his  coloured 
Image  P  T upon  the  oppolite  Wall  :  1  held  a  white  Pa¬ 
per  V  to  that  Image  in  fuch  manner  that  it  might  be 
illuminated  by  the  coloured  Light  reileded  from  thence, 
and  yet  not  intercept  any  part  of  that  Light  in  its  pal- 
fage  from  the  Prifm  to  the  Spedrum.  And  1  found  that 
when  the  Paper  was  held  nearer  to  any  Colour  than  to 
the  reft,  it  appeared  of  that  Colour  to  which  it  ap¬ 
proached  neareft ;  but  when  it  was  equally  or  almoii 

equally 
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equally  diftant  from  all  the  Colours,  fo  that  it  might 
be  equally  illuminated  by  them  all  it  appeared  white. 

And  in  this  laft  fituation  of  the  Paper,  if  l'ome  Colours 
were  intercepted,  the  Paper  loft  its  white  Colour,  and 
appeared  of  the  Colour  of  the  reft  of  the  Light  which 
was  not  intercepted.  So  then  the  Paper  was  illuminated 
with  Lights  of  various  Colours,  namely,  red,  yellow, 
green,  blue  and  violet,  and  every  part  of  the  Light  re- 
tained  its  proper  Colour,  until  it  was  incident  on  the 
Paper,  and  became  reflected  thence  to  the  Eye  j  fo  that 
if  it  had  been  either  alone  (the  reft  of  the  Light  being 
intercepted)  or  if  it  had  abounded  moft  and  been  pre¬ 
dominant  in  the  Light  refledted  from  the  Paper, it  would 
have  tinged  the  Paper  with  its  own  Colour ;  and  yet  be¬ 
ing  mixed  with  the  reft  of  the  Colours  in  a  due  propor¬ 
tion,  it  made  the  Paper  look  white,  and  therefore  by  a 
compolition  with  the  reft  produced  that  Colour.  The 
leveral  parts  of  the  coloured  Light  refledted  from  the 
Spedtrum,  whilft  they  are  propagated  from  thence  thro’ 
the  Air,  do  perpetually  retain  their  proper  Colours, 
becaufe  wherever  they  fall  upon  the  Eyes  of  any  Specta¬ 
tor,  they  make  the  feveral  parts  of  the  Spedtrum  to 
appear  under  their  proper  Colours.  They  retain  there¬ 
fore  their  proper  Colours  when  they  fall  upon  the  Pa¬ 
per  V,  and  fo  by  the  confufion  and  perfedt  mixture  of 
thofe  Colours  compound  the  whitenefs  of  the  Light 
refledted  from  thence. 

EXPER.  X. 

Let  that  Spedtrum  or  lolar  Image  P  T  fall  now  upon  Fig-  6. 
the  Lens  M  N  above  four  Inches  broad,  and  about  fix 

N  i  Feet 
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Feet  diftant  from  the  Pri till  A  BC,  and  lu  figured  that 
it  may  caufe  the  coloured  Light  which  diverged!  from 
the  Pri  fra  to  converge  and  meet  again  at  its  hocus  G, 
about  fix  or  eight  Feet  diftant  from  the  .Lens,  and 
thereto  fall  perpendicularly  upon  a  white  Paper  DR 
And  if  you  move  this  Paper  to  and  fro,  you  will  per¬ 
ceive  that  near  the  Lens,  as  at  the  whole  lolar  Image 
(  fuppofe  at  p  t )  will  appear  upon  it  intvnlly  coloured 
after  the  manner  above-explained,  and  that  by  receding 
from  the  Lens  thole  Colours  will  perpetually  come  to¬ 
wards  one  ahother,  and  by  mixing  more  and  more  di¬ 
lute  one  another  continually,  until  at  length  the  Paper 
come  to  the  Focus  G,  where  by  a  perfect  mixture  they 
will  wholly  vanifh  and  be  converted  into  vvhi tends,  the 
whole  Light  appearing  now  upon  the  Paper  like  a  little 
white  Circle.  And  afterwards  by  receding  further  from 
the  Lens,  the  rays  which  before  converged  will  now 
crofs  one  another  in  the  Focus  G,  and  diverge  from 
thence,  and  thereby  make  the  Colours  to  appear  again,, 
but  yet  in  a  contrary  order ;  fuppofe  at-;,  where  the 
red  t  is  now  above  which  before  was  below,  and  the 
violet  p  is  below  which  before  was  above. 

•  Let  us  now  flop  the  Paper  at  the  Focus  G  where 
the  Light  appears  totally  white  and  circular,  and  let  us 
confider  its  whitenefs.  I  lay,  that  this  is  competed  of 
the  converging  Colours.  For  if  any  of  thole  Colours 
be  intercepted  at  the  Lens,  the  whitenets  will  ceale  and 
degenerate  into  that  Colour  which  urifeth  from  the 
compofition  of  the  other  Colours  which  are  not  inter¬ 
cepted.  And  then  if  the  intercepted  Colours  lie  let 
pats  and  fall  upon  that  compound  Colour,  they  mix 
with  it,  and  by  their  mixture  refiore  the  whitenefs. 

So 
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Soil-' the  violet,  blue  and  green  be  intercepted,  the  re¬ 
maining  yellow,  orange  and  red  will  compound  upon 
the  Paper  an  orange,  and  then  if  the  intercepted  Co¬ 
lours  he  let  pills  they  will  tall  upon  this  compounded 
orange,  and  together  with  it  decompound  a  white.  So 
alio  if  the  red  and  violet:  be  intercepted,  the  remaining 
yellow,  preen  and  blue,  will  compound  a  green  upon 
the  Paper,  and  then  the  red  and  violet  being  let  pals 
will  fall  upon  this  green,  and  together  with  if  decom¬ 
pound  a  white.  And  that  in  this  competition  of  white 
the  fevcrul  rays  do  not  fuller  any  change  in  their  colori¬ 
fic  qualities  by  acting  upon  one  another,  but  are  only 
mixed,  and  -by  a  mixture  of  their  Colours  produce 


white,  may  further  appear  by  thele  Arguments. 

If  the  Paper  lie  placet!  beyond  the  Focus  G,  fuppoie 
at"’*,  and  then  the  red  Colour  at  the  Lens  be  alternate¬ 
ly  intercepted,  and  let  pais  again,  the  violet  Colour  on 
the  Paper  will  not  fuller  any  change  thereby,  as  it  ought 
to  do  if  t  he  levcral  forts  of  rays  acted  upon  one  another 
in  the  Focus  C,  where  they  croi’s.  Neither  will  the 
red  upon  the  Paper  lie  changed  by  any  alternate  Hop¬ 
ping,  and  letting  pais  the  violet  which  eroileth  it. 

And  if  the  Paper  he  placed  at  the  Focus  G,  and  the 
white  round  Image  at  (A  he  viewed  through  the  Pril’m 
H  l  K,  and  by  the  relYaition  of  that  Pril'm  be  tranllatcd 
to  the  place  i  v,  and  there  appear  tinged  with  various 
Colours,  namely,  the  violet  at  v  and  red  at  r ,  and 
others  between,  and  then  the  red  Colour  at  the  Letts  he, 
often  ftopt  and  let  pais  by  turns,  the  red  at  1  will  ac¬ 
cordingly  disappear  and  return  as  often,  hut  the  violet 
at  v  will  not  thereby  futler  any  change.  And  lb  by 
flopping  ami  letting  pals  alternately  the  blue  at  the 
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Lens,  the  blue  at  r  will  accordingly  difippear  and  re¬ 
turn,  without  any  change  made  in  the  red  at  r.  The 
red  therefore  depends  on  one  fort  of  rays,  and  the  blue 
on  another  fort,  which  in  the  Focus  G  where  they  are 
commixt  do  not  ad  on  one  another.  And  there  is  the 
lame  reafon  of  the  other  Colours. 

1  considered  further,  that  when  the  mold  refrangible 
raysPp,  and  the  leaft  refrangible  ones  T  t,  are  by  con¬ 
verging  inclined  to  one  another,  the  Paper,  if  held  very 
oblique  to  thofe  rays  in  the  Focus  G,  might  refled  one 
fort  of  them  more  copioufly  than  the  other  fort,  and  by 
that  means  the  refleded  Light  would  be  tinged  in  that 
Focus  with  the  Colour  of  the  predominant  rays,  pro¬ 
vided  thofe  rays  feverally  retained  their  Colours  or  co¬ 
lorific  qualities  in  the  compofition  of  white  made  by 
them  in  that  Focus.  But  if  they  did  not  retain  them 
in  that  white,  but  became  all  of  them  feverally  endued 
there  with  a  difpofition  to  ftrike  the  fenfe  with  the  per¬ 
ception  of  white,  then  they  could  never  lofe  their  white- 
neis  by  fuch  reflexions.  I  inclined  therefore  the  Paper 
to  the  rays  very  obliquely,  as  in  the  fecond  Experiment 
of  this  Book,  that  the  moft  refrangible  rays  might  be 
more  copioufly  refleded  than  the  reft,  and  the  white- 
neis  at  length  changed  fucceffively  into  blue,  indico 
and  violet.  Then  I  inclined  it  the  contrary  way,  that 
the  moft  refrangible  rays  might  be  more  copious  in  the 
refleded  Light  than  the  reft,  and  the  whitenefs  turned 
fucceffively  to  yellow,  orange  and  red. 

^  Laftly,  I  made  an  Inftrument  XY  in  fafliion  of  a 
Comb,  whofe  Teeth  being  in  number  Sixteen  were 
about  an  Inch  and  an  half  broad,  and  the  interva  ls  of  the 
Teeth  about  two  Inches  wide.  Then  by  interpofing 

fuc- 
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fucceffively  the  Teeth  of  this  Inftrument  near  the  Lens, 
I  intercepted  part  of  the  Colours  by  the  interpofed 
Tooth,  whilft  the  reft  of  them  went  on  through  the  in¬ 
terval  of  the  Teeth  to  the  Paper  D  E,  and  there  pain¬ 
ted  a  round  folar  Image.  But  the  Paper  I  had  firft  pla¬ 
ced  fo,  that  the  Image  might  appear  white  as  often 
as  the  Comb  was  taken  away;  and  then  the  Comb  be¬ 
ing  as  was  laid  interpofed,  that  whitenefs  by  reafon  of 
the  intercepted  part  of  the  Colours  at  the  Lens  did  al¬ 
ways  change  into  the  Colour  compounded  of  thofe 
Colours  which  were  not  intercepted,  and  that  Colour 
was  by  the  motion  of  the  Comb  perpetually  varied  fo, 
that  in  the  palling  of  every  Tooth  over  the  Lens  all 
thefe  Colours  red,  yellow,  green,  blue  and  purple,  did 
always  fucceed  one  another.  I  caufed  therefore  all  the 
Teeth  to  pafs  fucceffively  over  the  Lens,  and  when  the 
motion  was  flow,  there  appeared  a  perpetual  fucceffion 
of  the  Colours  upon  the  Paper :  But  if  I  fo  much  acce¬ 
lerated  the  motion,  that  the  Colours  by  reafon  of  their 
quick  fucceffion  could  not  be  diftinguilhed  from  one 
another,  the  appearance  of  the  fingle  Colours  ceafed. 
There  was  no  red,  no  yellow,  no  green,  no  blue,  nor 
purple  to  be  feen  any  longer,  but  from  a  confufion  of 
them  all  there  arofe  one  uniform  white  Colour.  Of  the 
Light  which  now  by  the  mixture  of  all  the  Colours  ap¬ 
peared  white,  there  was  no  part  really  white.  One 
part  was  red,  another  yellow,  a  third  green,  a  fourth 
blue,  a  fifth  purple,  and  every  part  retains  its  proper 
Colour  till  it  ftrike  the  Senforium.  If  the  impreffions 
follow  one  another  llowly,  fo  that  they  may  be  feve- 
ral'ly  perceived,  there  is  made  a  diftindf  leniation  of  all 
the  Colours  one  after  another  in  a  continual  fucceffion. 

But 
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But  if  the  iinpreffions  follow  one  another  fo  quickly 
that  they  cannot  be  feverally  perceived,  there  arifeth 
out  of  them  all  one  common  fenfation,  which  is  nei¬ 
ther  of  this  Colour  alone  nor  of  that  alone,  but  hath  it 
felf  indifferently  to  ’em  all,  and.  this  is  a  fenliition  of 
whitends.  By  the  quicknefs  of  the  fucceffions  the  im- 
preffions  of  the  feveral  Colours  are  confounded  in  the 
Senforium,  and  out  of  that  confufion  arileth  a  mixt  len- 
fation.  If  a  burning  Coal  be  nimbly  moved  round  in  a 
Circle  with  Gyrations  continually  repeated,  the  whole 
Circle  will  appear  like  fire ;  the  reafon  of  which  is  that 
the  fenliition  of  the  Coal  in  the  feveral  places  of  that 
Circle  remains  impreft  on  the  Senforium,  until  the 
Coal  return  again  to  the  lame  place.  And  fo  in  a 
quick  confecution  of  the  Colours  the  impreffion  of  every 
Colour  remains  in  the  Senforium,  until  a  revolution  of 
all  the  Colours  be  compleated,  and  that  firft  Colour  re¬ 
turn  again.  The  iinpreffions  therefore  of  all  the  fucceffive 
Colours  are  at  once  in  the  Senforium, and  joyntly  ftir  up 
a  fenfation  of  them  all ;  and  fo  it  is  manifeft  by  this  Ex¬ 
periment,  that  the  commixt  iinpreffions  of  all  the  Co¬ 
lours  do  ftir  up  and  beget  a  fenfation  of  white,  that  is, 
that  whitenels  is  compounded  of  all  the  Colours. 

And  if  the  Comb  be  now  taken  away,  that  all  the 
Colours  may  at  once  pats  from  the  Lens  to  the  Paper, 
and  be  there  intermixed,  and  together  reiiedied  thence 
to  the  Spectators  Eyes  j  their  iinpreffions  on  the  Senfo- 
rium  being  now  more  fubtily  and  perfectly  commixed 
there,  ought  much  more  to  ftir  up  a  fenfation  of  white¬ 
nels. 


You 


You  may  inllyad  of  the  Lons  ufe  two  Prilins  HIIC 
andLMN,  which  by  refracting  the  coloured  Light 
the  contrary  way  to  that  of  the  licit  refraction,  may 
make  the  diverging,  rays  converge  and  meet  again  in  G, 
as  you  lee  reprel’enfed  in  the  leventh  Figure.  For  Fig.  7 
where  they  meet  ami  mix  they  will  compote  a  white 
Light  as  when  a  Lens  is  uled. 

I 
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Let  the  Sun’s  coloured  Image  FT  fall  upon  the  Wall  Fig.  8 
of  a  dark  Chamber,  as  in  the  third  Experiment  of  the 
fir  ft  Book,  and  let  the  fame  he  viewed  through  a  Prilhi 
abc,  held  parallel  to  the  Friliu  ABC/,  by  whole refra- 
Ciion  that  Image  was  made,  and  let  it  now  appear  lower 
than  before,  flip  pole  in  the  place  S  over  again  ft  the  red 
colour  T.  And  if  you  go  near  to  the  Image  PT,  the 
SpeCtrum  S  will  appear  oblong  and  coloured  like  the 
Image  PT  ;  but  if  you  recede  from  it,  the  Colours  of 
tile  Spectrum  S  will  be  contracted  more  and  more,  and 
atdength  vanilh,  that  SpeChum  S  becoming  perfectly 
round  and  white  ;  anti  if  you  recede  yet  further,  the 
Colours  will  emerge  again,  but  in  a  contrary  order. 

Now  that  Spedtrum  S  appears  white  in  that  cafe  when 
the  rays  of  ievcral  forts  which  converge  from  the  feve- 
ral  parts  of  the  linage  FT,  to  the  Prifrn  abc,  are  fa 
refracted  unequally  tpy  it,  that  in  their  pa  ft  age  from  the 
Prifin  to  the  Eye  they  may  diverge  from  one  and  the 
fame  point  of  the  Spectrum  S,  and  lb  fall  afterwards 
upon  one  and  the  fame  point  in  the  bottom  of  the  Eye, 
and  there  be  mingled. 
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And  further,  if  the  Comb  be  here  made  ufe  of,  by 
whole  Teeth  the  Colours  at  the  linage  PI'  may  be  fuc. 
ceffively  intercepted  ;  the  Sped  rum  S  when  the  Comb 
is  moved  (lowly  will  be  perpetually  tinged  with  fuC- 
ceffive  Colours:  But  when  by  accelerating  the  motion 
of  the  Comb,  the  fucceffion  of  the  Colours  is  lb  quick 
that  they  cannot  befeverally  I  ecu,  that  Spectrum  S,  by 
a  confuted  and  mixt  lenlation  of  them  all,  will  appear 
white. 

EXP  K  R.  XII. 

Fio-.a.  The  Sun  fliining  through  a  large  PrilinABC  upon 
°  a  Comb  XT,  placed  immediately  behind  t  he  Prifm,  his 
Light  which  paffed  through  the  intyrimvs  of  t  he  Teeth 
fell  upon  a  white  Paper  D  K.  The  breadths  of  the 
Teeth  were  equal  to  their  interiticcs,  and  i even  Teeth 
together  with  their  interiticcs  took  up  an  Inch  in 
breadth.  Now  when  the  Paper  was  about  two  or 
three  Inches  diftant  from  the  Comb,  the  Light  which' 
paffed  through  its  levcral  interiticcs  painted  lb  many 
ranges  of  Colours  kl,  inn,  op,  qr,  i37\  which  were 
parallel  to  one  another  and  contiguous,  and  w  ithout  any 
mixture  of  white.  And  thele  ranges  of  Colours,  if  the 
Comb  was  moved  continually  up  and  down  with  a  re¬ 
ciprocal  motion,  afeended  and  delect  id  ed  in  the  Paper, 
and  when  the  motion  of  the  Comb  was  lb  quick,  that 
the  Colours  could  not  be  diltinguilhed  from  one  another, 
the  whole  Paper  by  their  conlulicn  and  mixture  in  the 
Senfdrium  appeared  white. 

Let 
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Let  the  Comb  now  reft,-  and  let  the  Paper  be  remo¬ 
ved  further  from  the  Frifin,  and  the  leveral  ranges  of 
Colours  will  be  dilated  and  expanded  into  one  another 
more  and  more,  and  by  mixing  their  Colours  will  di¬ 
lute  one  another,  and  at  length,  when  the  didance 
of  the  Paper  from  the  Comb  is  about  a  Foot ,  or  a 
little  more  (  fuppofe  in  the  place  iD  iE)  they  will 
fo  far  dilute  one  another  as  to  become  white. 

With  any  Gbftacle  let  all  the  Light  be  now  ftopt 
which  paffes  through  any  one  interval  of  the  Teeth,  fo 
that  the  range  of  Colours  which  comes  from  thence  may 
be  taken  away,  and  you  will  fee  the  Light  of  the  reft  of 
the  ranges  to  be  expanded  into  the  place  of  the  range 
taken  away,  and  there  to  be  coloured.  Let  the  inter¬ 
cepted  range  pafs  on  as  before,  and  its  Colours  falling 
upon  the  Colours  of  the  other  ranges,  and  mixing  with 
them,  will  reftore  the  whitenefs. 

Let  the  Paper  a  D  a  E  be  now  very  much  inclined  to 
the  rays,  fo  that  the  moft  refrangible  rays  may  be  more 
copioufly  reflected  than  the  reft,  and  the  white  Colour 
of  the  Paper  through  the  excefs  of  thole  rays  will  be 
changed  into  blue  and  violet.  Let  the  Paper  be  as 
much  inclined  the  contrary  way,  that  the  leaft  refran¬ 
gible  rays  may  be  now  more  copioufly  reflected  than 
the  reft,  and  by  their  excefs  the  whitenefs  will  be 
changed  into  yellow  and  red.  The  leveral  rays  there¬ 
fore  in  that  white  Light  do  retain  their  colorific  qua¬ 
lities,  by  which  thofe  of  any  fort,  when-ever  they  be¬ 
come  more  copious  than  the  reft,  do  by  their  excels 
and  predominance  caule  their  proper  Colour  to'ap- 
pear. 
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And  by  the  fame  way  of  arguing,  applied  to  the  .third 
Experiment  of  this  Book,  it  may  be  concluded,  that 
the  white  Colour  of  all  refracted  Light  at  its  very  fidt 
emergence,  where  it  appears  as  white  as  before  its  inci¬ 
dence,  is  compounded  oi  various  Colours. 

EX  PER.  XIII. 

In  the  foregoing  Experiment  the  feveral  intervals  of 
the  Teeth  of  the  Comb  do  the  office  of  lb  many  Prifms, 
every  interval  producing  the  Phenomenon  of  one  Prifm. 
Whence  inftead  of  thole  intervals  tiling  feveral  Prifms,  1 
try’d  to  compound  whitenels  by  mixing  thei r  Colours, and 
did  it  by  ufing  only  three  Prilrns,  as  a  I  lb  by  tiling  only 
io.  two  as  follows.  Let  two  Prilms  A  BC  and  a  be,  whole 
refraining  Angles  B  and  b  are  equal, be  lb  placed  parallel 
to  one  another,  that  the  refra&ing  Angle  B  of  the  one 
may  touch  the  Angle  c  at  the  bale  of  the  other,  and 
their  planes  CB  and  cb,  at  which  the  rays  emerge,  may 
lye  in  diredtum.  Then  let  tire  Light  trajed'ed  through 
them  fill  upon  the  Paper  M  N,  dillant  about  8  or  n. 
Inches  from  the  Prifms.  And  the  Colours  generated 
by  the  interior  limits  B  and  c  of  the  two  Prifms,  will 
be  mingled  at  FT,  and  there  compound  white.  For  if 
either  Prifm  betaken  away,  the  Colours  made  by  the 
other  will  appear  in  that  place  FT,  and  when  the  Prifm 
is  reftored  to  its  place  again,  lb  that  its  Colours  may. 
there  fall  upon  the  Colours  of  the  other,  the  mixture 
of  them,  both  will  reftore  the  whitenels. 
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This  Experiment  fucceeds  alfo,  as  I  have  tryed,  when 
the  Angle  b  of  the  lower  Prifm,  is  a  little  greater  than 
the  Angle  B  of  the  upper ,  and  between  the  interior 
Angles  B  and  c,  there  intercedes  i’o me  fpace  B  c,  as  is 
reprefented  in  the  Figure,  and  the  redrafting  planes 
B  C  and  b  c,  are  neither  in  direftum,  nor  parallel  to 
one  another.  For  there  is  nothing  more  rcquiiite  to 
the  fuccefs  of  this  Experiment,  than  that  the  rays  of  all 
forts  may  be  uniformly  mixed  upon  the  Paper  in  the 
place  P  T.  If  the  moft  refrangible  rays  coming  from 
the  fuperior  Prifm  take  up  all-  the  fpace  from  M  to P,  the 
rays  of  the  fame  fort  which  come  from  the  inferior 
Prifm  ought  to  begin  at  P,  and  take  up  all  the  reft  of  the 
fpace  from  thence  towards'  N.  If  the  leaft  refrangible 
rays  coming  from  the  fuperior  Prifm  take  up  the  fpace 
M  T,  the  rays  of  the  fame  kind  which  come  from'  the 
other  Prifm  ought  to  begin  at  T,  and  take  up  the  remain¬ 
ing  fpace  T  N.  If  one  fort  of  the  rays  which  have  in¬ 
termediate  degrees  of  refrangibility,  and  come  from. the 
fuperior  Prifm  be  extended  through  the  lpace  MQ,  and 
another  fort  of  thofe  rays  through  the  fpace  MR,  and 
a  third  fort  of  them-  through  the  fpace  MS,,  the  fame 
forts  of  rays  coming  from  the  lower  Prifm,  ought  to  il¬ 
luminate  the  remaining  fpaces  Q.N,  RN,  SN  refpe- 
jftively.  And  the  fame  is  to  be  underftood  of  all  the 
other  forts  of  rays.  For  thus  the  rays  of  every  fort  wall 
be  l'cattered  uniformly  and  evenly  through  the  whole 
fpace  M  N,  and  fo  being  every  where  mixt  in  the  fame 
proportion,,  they  muft  every  where  produce  the  fame 
Colour.  And  therefore  fince  by  this  mixture  they  pro¬ 
duce  white  in.  the.  exterior  fpaces  M  P  and  TN,.  they. 

ft  alfo  produce  white  in, the  interior  lpace, PX,  This 


the  reafon  of  the  compofition  by  which  whiten^ 
was  produced  in  this  Experiment,  and  by  what  other 
way  i'oever  I  made  the  like  compofition  therefult  Was 

WlLaftlv^  If  with  the  Teeth  of  a  Comb  of  a  due  fiz? 
the  coloured  Lights  of  the  two  Prifms  which  fall  upon 
the  (pace  PT  be  alternately  intercepted,  that  fpacc 
PT,  when  the  motion  of  the  Comb  is  (low,  will  always 
appear  coloured,  but  by  accelerating  the  motion  of 
the  Comb  l'o  much,  that  the  fucceffive  Colours  can¬ 
not  be  diftinguifhed  from  one  another,  it  will  appear 
white. 

EX  PER.  XIV. 

Hitherto  I  have  produced  whitenefs  by  mixing  the 
Colours,  of  Prifms.  If  now  the  Colours  of  natural  Bo- 
dies  are  to  be  mingled,  let  Water  a  little  thickned  with 
Soap  be  agitated  to  raile  a  froth,  and  after  that  froth 
has  flood  a  little,  there  will  appear  to  one  that  lhall 
view  it  intently  various  Colours  every  where  in  the 
iurfaces  of  the  leveral  Bubbles ;  but  to  one  that  lhall 
.go  fo  far  off  that  he  cannot  diftinguifh  the  Colours  from 
one  another,  the  whole  froth  will  grow  white  with  a 
perfect  whitenefs. 

EXPER.  XV. 

Laftly,in  attempting  to  compound  a  white  by  mixing 
the  coloured  Powders  which  Painters  ufe,  I  considered 
that  all  coloured  Powders  do  fupprefs  and  flop  in 
them  a  very  confiderable  part  of  the  Light  by  which 

they 
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they  are  illuminated.  For  they  become  coloured  by 
reflecting  the  Light  of  their  own  Colours  more  copioully, 
and  that  of  all  other  Colours  more  fparingly,  and  yet 
'they  do  not  reflect  the  Light  of  their  own  Colours "i'o 
copioully  as  white  Bodies  do.  If  red  Lead,  for  in  ha  nee, 
and  a  white  Paper,  be  placed  in  the  red  Light  of  the 
coloured  SpeCtrum  made  in  a  dark  Chamber  by  the  re¬ 
fraction  of  a  Prilin,  as  is  deferibed  in  the  third  Eperi- 
ment  of  the  firft  Book  •  the  Paper  will  appear  more  lu¬ 
cid  than  the  red  Lead,  and  therefore  reflects  the  red- 
making  rays  more  copioully  than  red  Lead  doth.  And 
if  they  be  held  in  the  Light  of  any  other  Colour,  the 
Light  reflected  by  the  Paper  will  exceed  the  Light  re¬ 
flected  by  the  red  Lead  in  a  much  greater  proportion. 
And  the  like  happens  in  Powders  of  other  Colours. 
And  therefore  by  mixing  fuch  Powders  we  are  not  to 
expeCt  a  ftrong  and  full  white,  fuch  as  is  that  of  Paper, 
but  fome  dusky  obfeure  one,  l'uch  as  might  arife  from  a 
mixture  of  light  and  darknefs,  or  from  white  and  black, 
that  is,  a  grey,  or  dun,  or  ruflet  brown,  fuch  as  are  the 
Colours  of  a  Man’s  Nail,  of  a  Moufe,  of  Allies,  of  or¬ 
dinary  Stones,  of  Mortar,  of  Dull  and  Dirt  in  High¬ 
ways,  and  the  like.  And  fuch  a  dark  white  1  have 
often  produced  by  mixing  coloured  Powders.  For  thus 
one  part  of  red  Lead, and  five  parts  of  Ftride  jEris^c orn- 
poied  a  dun  Colour  like  that  of  a  Moufe.  For  thefe 
two  Colours  were  feverally  fo  compounded  of  others, 
that  in  both  together  were  a  mixture  of  all  Colours  •  and 
there  was  lefs  red  Lead  ufed  than  Vrade  Mru,  becaule 
of  the  fulnefs  of  its  Colour.  Again,  one  part  of  red 
Lead,  and  four  parts  of  blue  Bile,  compofed  a  dun  Co¬ 
lour  verging  a  little  to  purple,  and  by  adding  to  this  a 
D  certain 
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certain  mixture  of  Orpiment  ynd  Vir'uli  /Eru  in  a  due 
proportion,  the  mixture  loft  its  purple  tinfture,  and  be, 
came  perfectly  dun.  But  the  Experiment  fucceeded  beft 
without  Minium  thus.  To  Orpiment  I  added  by  little 
and  little  a  .certain  full  bright  purple,  which  Painters 
life  until  the  Orpiment  ceafed  to  be  yellow,  and  became 
of  a  pale  red.  Then  I  diluted  that  red  by  adding  a 
little  Wide  Jiris,  and  a  little  more  blue  Bife  than  Vi- 
rUi  EEris,  until  it  became  of  fuch  a  grey  or  pale  white, 
as  verged  to  no  one  of  the  Colours  more  than  to  ano¬ 
ther.  For  thus  it  became  of  a  Colour  equal  in  white- 
nel's  to  that  of  Allies  or  of  Wood  newly  cut,  or  of  a 
Man’s  Skin.  The  Orpiment  refle&ed  more  Light  than 
did  any  other  of  the  Powders,  and  therefore  conduced 
more  to  the  whitenefs  of  the  compounded  Colour  than 
they.  To  aftign  the  proportions  accurately  may  be 
difficult,  by  reaf’on  of  the  different  goodnels  of  Pow¬ 
ders  of  the  fame  kind.  Accordingly  as  the  Colour  of 
any  Powder  is  more  or  lefs  full  and  luminous,  it  ought 
to  be  ufed  in  a  lefs  or  greater  proportion. 

Now  confidering  that  thefe  grey  and  dun  Colours 
may  be  alio  produced  by  mixing  whites  and  blacks,  and 
by  confequence  differ  from  perfect  whites  not  in  Species 
of  Colours  but  only  in  degree  of  luminoufnefs,  it  isma- 
nifeft  that  there  is  nothing  more  requifite  to  make 
them  perfectly  white  than  to  increafe  their  Light  diffi¬ 
dently  ;  and,  on  the  contrary,  if  by  in  creating  their 
Light  they  can  be  brought  to  perfect  whitenefs,  it  will 
thence  alfo  follow,  that  they  are  of  the  fame  Species  of 
Colour  with  the  beft  whites,  and  differ  from  them  only 
in  the  quantity  of  Light.  And  this  I  tryed  as  follows. 
1  took  the  third  of  the  above-mentioned  grey  mixtures 
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( that  which  was  compounded,  of  Orpiment,  Purple, 
Bife  and  Virlde  JEris)  and  rubbed  it  thickly  upon  the 
floor  of  my  Chamber,  where  the  Sun  (hone  upon  it 
through  the  opened  Calement ;  and  by  it,  in  the  llia- 
dow,  I  laid  a  piece  of  white  Paper  of  the  fame  bignefs. 
Then  going  from  them  to  the  diftance  of  i  a  or  1 8  Feet, 
fo  that  I  could  not  difeern  the  unevennefs  of  the  furface 
of  the  Powder,  nor  the  little  fhadows  let  fill  from  the 
gritty  particles  thereof  ;  the  Powder  appeared  intenfly 
white,  fo  as  to  tranfeend  even  the  Paper  it  felf  in  white- 
nefs,  efpecially  if  the  Paper  were  a  little  fhaded  from 
the  Light  of  the  Clouds,  and  then  the  Paper  compared 
with  the  Powder  appeared  of  fuch  a  grey  Colour  as  the 
Powder  had  done  before.  But  by  laying  the  Paper 
where  the  Sun  flumes  through  the  Glals  of  the  Window, 
or  by  lhutting  the  Window  that  the  Sun  might  fhine 
through  the  Glafs  upon  the  Powder,  and  by  fuch  other 
fit  means  of  increafing  or  decreafing  the  Lights  where¬ 
with  the  Powder  and  Paper  were  illuminated,  the 
Light  wherewith  the  Powder  is  illuminated  may  be 
made  ftronger  in  fuch  a  due  proportion  than  the  Light 
wherewith  the  Paper  is  illuminated,  that  they  (hall  both 
appear  exactly  alike  in  whitenels.  For  when  I  was 
trying  this,  a  Friend  coming  to  vifit  me,  I  ftopt  him 
at  the  door,  and  before  1  told  him  what  the  Colours 
were,  or  what  I  was  doing  ;  I  askt  him,  Which  of  the 
two  whites  were  the  beft,  and  wherein  they  differed  ? 
And  after  he  had  at  that  diftance  viewed  them  well,  he 
anfwered,  That  they  were  both  good  whites,  and  that 
he  could  not  fay  which  was  beft,  nor  wherein  their  Co¬ 
lours  differed.  Now  if  you  conlider,  that  this  white 
of  the  Powder  in  the  Sun-fhine  was  compounded^of  the 
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Colours  which  the  component  Powders  ( Orpiment; 
Purple,  Bile,  and  Viride  jEris)  have  in  the  lame  Sun- 
jhine,  you  muft  acknowledge  by  this  Experiment,,  as 
well  as  by  the  former,  that  perfect  whitenefs  may  be 
compounded  of  Colours. 

From  what  lias  been  faid  it  is  alfo  evident,  that  the 
whitenefs  of  the  Sun’s  Light  is  compounded  of  all  the 
Colours  wherewith  the  leveral  forts  of  rays,  whereof 
that  Light  confifts,  when  by  their  feveral  refrangibili- 
ties  they  are  leparated  from  one  another,  do  tinge  Paper 
or  any  other  white  Body  whereon -they  fall.  For  thofe 
Colours  by  Prop.  a.  are  unchangeable,  and  whenever 
all  thole  rays  with  thofe  their  Colours,  are  mixt  again}, 
they  reproduce  the.  lame  white  Light  as-before. . 

PROP.  VI.  PR0B..IL 

Tn  a  mixture  of  -primary  Colours^  the  quantity  and  quality 
of  each  being  given ,  to  know  the  Colour  of  the  com*- 
pmd. 

i ..  With  the  Center  O 'and  Riidius  ©  D  defcrib'e  a  Circle 
ADF,  and  diftinguilh  its-circumference  into  feven  parts 
DE,  EF,  FG,  GA,  A.B,  BC,  C  D,  proportional  to 
the  feven  muficalTones-or  Intervals  of  the  eight  Sounds-,. 
Solf  Uy  faj  foly  lit)  mi$  contained  in  an  Eight, 

that  is,  proportional  to  the  numbers  -* ,  hr,  -l0,  9l,  L,’  hr, . 

Let  the  iirlf  part  D  E  rcprelent  a  red  Colour,  the 
fecond'EF  orange,  the-  third  E  G...  yellowy  the  fourth 
G  H  greeny  the  fifth  A  B  -  blue,  the  lxxth  -  B G :  indieo, 
and  the  fevenfh, CD-violet.  And- conceive  that  thefe 
are  all  the  Colours  of  uncompounded .  Light  gradually 
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palling  into  one  another,  as  they  do  when  made  by 
Prilins  ;  the  circumlercncc  D  K  FG  A  BC  D,  reprefen- 
ting  the  whole  levies  of  Colours  from  one  end  of  the 
Sun’s  coloured  Image  to  the  other,  i'o  that  from  D  toE 
be  all  degrees  of  red,  at  K  the  mean  Colour  between  red 
and  orange,  iron)  K  to  F  all  degrees  of  orange,  at  F  the 
mean  between  orange  and  yellow,  from  F  to  G  all  de¬ 
grees  of  yellow,  and  lb  on.  Let  p  be  the  center  of 
gravity  of  the  Arch  1)  E,  and  q,  r,  s,  t,  v,  x,  the  centers 
of  gravity  of  the  Arches  EE,  FG,  G  A,  AB,  BC 
and  Cl)  relpedivcly,  and  about  thole  centers  of  gra¬ 
vity  let  Circles  proportional  to  the  number  of  rays  of 
each  Colour  in  the  given  mixture  be  deferibed;  that  is, 
the  circle  p  proportional  to  the  number  of  the  red-ma¬ 
king  rays  in  the  mixture,  the  Circle  q  proportional  to 
the  number  of  the  orange-making  rays  in  the  mixture, 
and  I’o  of  die  reft  Find  the  common  center  of  gravity 
of  all  thole  Circles  p,  q,  r,  s,  t,  v,  x.  Let  that  center 
beZ  ;  and  from  the  center  of  the  Circle  A  D  F,  through 
Zto  the  circumference,  drawing  the  right  line  O  Y, 
the  place  of  the  point  Y  in  the  circumference  Ilia  11  iliew 
the  Colour  ariiing  from  the  compofition  of  all  the  Co¬ 
lours  in  the  given  mixture^  and  the  line  0 Z  (hall  be 
proportional  to  the  tulnds  or  intenfcnel's  of  the  Colour, 
that  is,  to  its  dift.incc  from  vvhiteuefs.  As  if  Y  fall  in 
the  middle  between  F  and  G,  the  compounded  Colour 
Hiall  be  t  he  bed  yellow  ;  if  Y  verge  from  the  middle  to¬ 
wards  !>'  or  G,  the  compounded  Golour  (hall  according¬ 
ly  be  a  yellow ,  verging,  towards  orange  or  green.  IfZ 
fall  upon  t  he  circumference  the  Colour  lliall  lie  intenfe 
Sind  florid  in  the  highdt  degree  ;  if  if  full  in  the  mid 
'way  between  t he  circumfeivnce and  center,  it  Ihail  be 
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but  half  to  intenfe,  that  is,  it  fhall  be  fuch  a  Colour  as- 
would  be  made  by  diluting  the  intenfeft  yellow  with  an 
equal  quantity  of  whitenefs ;  and  if  it .  fall  upon  the 
center  O,  the  Colour  fhall  have  loft  all  its  intenienefs, 
and  become  a  white.  But  it  is  to  be  noted,  That  if  the 
point  Z  fall  in  or  near  the  line  O  D,  the  main  ingredients 
being  the  red  and  violet,  the  Colour  compounded  fhall 
not  be  any  of  the  prif'matic  Colours,  but  a  purple,  in¬ 
clining  to  red  or  violet,  accordingly  as  the  point  Z 
lteth  on  the  fide  of  the  line  DO  towards  E  or  towards  C, 
and  in  general  the  compounded  violet  is  more  bright  and 
more  fiery  than  the  uncompounded.  Alfo  if  only  two 
of  the  primary  Colours  which  in  the  Circle  are  oppofite 
to  one  another  be  mixed  in  an  equal  proportion,  the 
point  Z  fhall  fall  upon  the  center  O,  and  yet  the  Co¬ 
lour  compounded  of  thofe  two  fhall  not  be  perfectly 
white,  but  fome  faint  anonymous  Colour.  Fori  could 
never  yet  by  mixing  only  two  primary  Colours  produce 
a  perfed  white.  Whether  it  may  be  compounded  of  a 
mixture  of  three  taken  at  equal  diftances  in  the  circum¬ 
ference  I  do  not  know,  but  of  four  or  five  I  do  not  much 
queftion  but  it  may.  But  thefe  are  curiofities  of  little 
or  no  moment  to  the  underftanding  the  Phenomena  of 
nature.  For  in  all  whites  produced  by  nature,  there 
ufes  to  be  a  mixture  of  all  forts  of  rays,  and  by  confe- 
quence  a  compofition  of  all  Colours. 

To  give  an  inftance  of  this  Rule ;  fuppofe  a  Colour  is. 
compounded  of  thefe  homogeneal  Colours,  of  violet 
i  part,  of  indico  i  part,  of  blue  i  parts,  of  green  3  parts, 
of  yellow  5  parts,  of  orange  6- parts,  and  of  red  10  parts. 
Proportional  to  thefe  parts  I  defcribe  the  Circles  x,  v,  t, 
s,  r,  q,  p  refpectively,  that  is,  fo  that  if  the  Circle  x 

be 
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''Be  i,  the  Circle  v  may  be  i,  the  Circle  t  ar,  the  Circle 
s  3,  and  the  Circles  r,  qandp,  5,  6  and  10.  Then  I 
•find  Z  the  common  center  of  gravity  of  thefe  Circles,, 
and  through  Z  drawing  the  line  O  Y,  the  point  Y  falls 
upon  the  circumference  between  E  and  F,  fome'  thing 
nearer  to  E  than  to  F,  and  thence  I  conclude,  that  the 
Colour  compounded  of  thefe  ingredients  will  be  arr, 
orange,  verging  a  little  more  to  red  than  to  yellow. 
Alfo  I  find  that  O  Z  is  a  little  lefs  than  one  half  of 
O  Y,  and  thence  I  conclude,  that  this  orange  hath  a 
little  lefs  than  half  the  fulnefs  or  intenfenefs  of  an  un¬ 
compounded  orange  ;  that  is  to  fay,  that  it  is  fuch  an 
orange  as  may  be  made  by  mixing  an  homogeneal  orange 
with  a  good  white  in  the  proportion  of  the  line  O  Z  to 
the  line  Z  Y,  this  proportion  being  not  of  the  quantities- 
of  mixed  orange  and  white  powders,  but  of  the  quan¬ 
tities  of.the  lights  reflected  from  them. 

This  Rule  1  conceive  accurate  enough  for  pradtife,. 
though  not  mathematically  accurate  ;  and  the  truth  of 
it  may  be  lufficiently  proved  to  fenfe,  by  Hopping  any 
of  the  Colours  at  tire  Lens  in  the  tenth  Experiment  of 
this  Book.  For  the  reft  of  the  Colours  which  are  not 
flopped,  but  pafs  on  to  the  Focus  of  the  Lens,  will 
there  compound  either  accurately  or  very  nearly  fuch 
a  Colour  as  by  this  Rule  ought  to  relult  from  their, 
mixture.,  . 


PROP.  VII.  T  PIE  OR.  V. 

,AU  the  Colours  in  the  Univerfe  which  are.  made  by  L’ght, 
and  depend  not  on  the  power  of  imagination ,  are 
either  the  Colours  of  bomogeneal  Lights ,  or  compounded 
of  thefe  and  that  either  accurately  or  very  nearly ,  ac- 
.  cording  to  the  Rjule  of 'the  foregoingTroblem. 

For  it  has  been  proved  (in  Prop.i.  P t.  2.)  that  the 
•changes  of  Colours  made  by  refradfions  do  not  a  rile 
from  any  new  modifications  of  the  rays  impreil  by  thole 
refradfions,  and  by  the  various  terminations  of  light 
andihadow,  as  has  been  the  conliant  and  general  opi¬ 
nion  of  Philofophers.  It  has  alfo  been  proved  that  the 
leveral  Colours  of  the  bomogeneal.  rays  do  conlluntly 
anfwer  to  their  degrees  ofrefrangibility,  (Prop.i 
and 'Prop. a.  PC.o,.)  and  that  their  degrees  of  refrangi- 
bility  cannot  be  changed  by  refradfions  and  reflexions, 
(Prop. a.  .  1 .)  and  by  confequence  that  thole  their 

'Colours  are  like-wife  immutable.  It  has  alio  been  pro¬ 
ved  dire&ly  by  refradfing  and  reflecting  bomogeneal 
.Lights  apart,  that  their  Colours  cannot  be  changed, 
(Prop  ,'t.  Pc  .1.)  It  has  been  proved  alio,  that  when 
the  feveral  forts  of  rays  are  mixed,  and  in  eroding  puls 
through  the  lame  ipace,  they  do  not  adf  on  one  another 
do  as  to  change  each  others  colon’ lick  qualities,  (Expcr. 
10.  PP’.'i.)  but  by  mixing  their  adtions  in  the  Senlo- 
rium  beget  a  feniation  differing  from  what  either  would 
do  apart,  that  is  a  feniation  of  a  mean  Colour  between 
their  proper  Colours  3  and  particularly  when  by  the 
uKoncotirfe  and  mixtures  of  all  forts  of  rays,  a  white 
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(Colour  is  products!,  the  white  is  a  mixture  of  alh the 
(Colours  which  the  ra. vs  would  have  apart,  (  Prop.  ry. 
Par-  -'--  )  The  rays  in  that  mixture  do  not  lofe  or  alter 
their  leveval  colorihek  qualities,  but  by  all  their  various 
kinds  of  unions  mix!  in  the  Senforium,  beget  a  fen  la  - 
tion  of  a  middling  Colour  between  all  their  Colours 
which  is  whitvnch.  _  For  whitenefs  is  a  mean  between 
all  Colours,  Inning  it  felt’  indifferently  to  them  all,  fo 
as  with  cqu.il  facility  tube  tinged  with  any  of  them. 
A  red  Powder  mixed  with  a  little  blue,  or  a  blue  with 
a  little  red,  doth  nut  pivfcntly  lofe  its  Colour,  but  a 
white  Powder  mixed  with  any  Colour  is  prcfently  tin¬ 
ged  with  that  Colour,  and  is  equally  capable  of  being 
tinged  with  any  Colour  what  ever.  It  has  been  (hewed 
alio,  that  a-' the  Sun’s  Light  is  mixed  of  a  11  forts  of  rays, 
fo  its  u  hiter.it'-  La  mixture  of  the  Colours  of  all  I  bits 
of  rays ;  thole  rays  having  from  the  beginning  their  fe- 
veral  colorific  qualities  us  well  as  their  ieveral  .refrangi- 
hilitics,  and  retaining  them  perpetually  unehang’d  not- 
wilhlhinding  any  refractions  or  rellexions  t  hey  may  at: 
anytime  hitler,  and  that  when-ever  any  fort  of' the 
Sim’s  rays  is  by  any  means  (as  by  reflexion  in  -Ex per.  9 
ami  10 ."/It?,  1.  or  by  refraction  as.  happens-  in  all  re¬ 
fractions  )  fepuruted  from  the  reft,  they  then  manifclt 
their  proper  Colours.  Thefe  things  have  been  proved, 
and  the  turn  of  all  this- amounts  to  the  Proportion  liore 
to  be  proved.  For  if  the  Hun’s  Light  is  mixed  of  ie¬ 
veral  tin!:-  of  lays,  each  of  which  have  originally  their, 
ieveral  ret  tangibilities  and  coloriink  ijudiiics,  and  not- • 
withlhuulingtlu.it'  refract  ions  amt  retkCtions,  and  their 
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tion  :  then  all  the  Colours  in  the  World  mu  ft  be  fuch  as 
conftantly  ought  to  arile  from  the  original  colorific  qua¬ 
lities  of  the  rays  whereof  the  Lights  con  I  ill  by  which 
thole  Colours  are  feen.  And  therefore  i  f  the  reafon  0f 
any  Colour  whatever  be  required,  we  have  nothing  die 
to  do  then  to  confider  how  the  rays  in  the  Sun’s  Light 
have  by  reflexions  or  refractions,  or  other  eaufesbeen  par¬ 
ted  from  one  another, or  mixed  together  yor  otherwileto 
find  out  what  forts  of  rays  are  in  the  Light  by  which 
that  Colour  is  made,  and  in  what  proportion ;  and 
then  by  the  laft  Problem  to  learn  the  Colour  which 
ought  to  arile  by  mixing  thole  rays  (or  their  Colours) 
in  that  proportion.  Ifpeakhere  of  Colours  fo  far  as 
they  arife  from  Light.  For  they  appear  _  lbmetimes  by 
other  caufes,  as  when  by  the  power  of  phantafy  we 
fee  Colours  in  a  Dream,  or  a  mad  Man  fees  things  before 
him  which  are  not  there ;  or  when  we  fee  Fire  by  linking 
the  Eye,  or  fee  Colours  like  the  Eye  of  a  Peacock’s 
Feather,  by  prefling  our  Eyes  in  either  corner  whilft 
we  look  the  other  way.  Where  thel’e  and  fuch  like 
caufes  interpole  not,  the  Colour  always  anfwers  to 
the  fort  or  forts  of  the  rays  whereof  the  Light  confifts, 
as  1  have  conftantly  found  in  whut-cver  Phsenomena  of 
Colours  I  have  hitherto  been  able  to  examih.  I  (hall  in 
the  following  Propofitions  give  inftances  of  this  in  the 
Phenomena  of  chiefeft  note. 


PROP. 


;  PROP.  VIII.  PRO  B.  III. 

I  jfy  the  difcovered  ‘Properties  of  Light  to  explain  the 
I  Colours  made  by  Prifms. 

1  Let  ABC  reprefen  t  a  Prifm  refracting  the  Light  I2 

gthe  Sun,  which  cpmes  into  a  dark  Chamber  through  a  ° 
.Hole  F  9  almoft  as  broad  as  the  Prifm,  and  let  M  N 
|eprefent  a  white  Paper  on  which  the  refraCted  Light  is 
jjaft,  and  fuppofe  the  moft  refrangible  or  deepeft  violet 
faking  rays  fell  upon  the  fpace  P,r ,  the  leaft  refran¬ 
gible  or  deepeft  red-making  rays  upon  the  fpace  T 1, 

;the  middle  fort  between  the  Indico-makiug  aud  blue- 
paking  rays  upon  the  fpace  Qx ,  the  middle  fort  of  the 
kreen-making  rays  upon  the  fpace  Re,  the  middle  fort 
getween  the  yellow-making  and  orange-making  rays 
ppon  the  fpace  So-)  and  other  intermediate  forts  upon 
ntermediate  fpaces.  For  fo  the  fpaces  upon  which  the 
everal  forts  adequately  fell  will  by  reafon  of  the  diffe¬ 
rent  refrangibility  of  thofe  forts  be  one  lower  than  ano- 
fher.  Now  if  the  Paper  MN  be  fo  near  the  Prifm  that  the 
faces  P  T  and  vi  do  not  interfere  with  one  another,  the 
liftance  between  them  T  ,r  will  be  illuminated,  by  all 
ike  forts  of  ray  s  in  that  proportion  to  one  another  which 
fhey  have  at  their  very  firft  coming  out  of  the  Prifm, 
and  confequently  be  white.  But  the  lpaces  P  T  and  ^ 
bn  either  hand,  will  not  be  illuminated  by  them  all, 
iid  therefore  will  appear  coloured.  And  particularly 
it  P,  where  the  outmoft  violet-making  rays  fall  alone, 
the  Colour  muft  be  the  deepeft  violet.  At  Q.  where  the 
liolet-making  and  indico-making  rays  are  mixed  ,  it 
I.  a  muft 
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nuift  be  a  violet  inclining  much  to  indico.  At  R  where 
the  violet-making,  indico-making,  blue-making,  aa| 
one  half  of  the  green-making  rays  are  mixed,  their  Co¬ 
lours  muft  ( by  the  conftrudf  ion  of  the  iecond  Problem): 
compound  a  middle  Colour  between  indico  and  blue,: 
At  S  where  all  the  rays  are  mixed  except  the  red-my 
king  and  orange-making, their  Colours  ought  by  the  fame! 
Rule  to  compound  a  faint  blue,  verging  more  to  green! 
than  indie.  And  in  the  progrefs  from  S  to  'f,  this  blue, 
will  grow  more  and  more  faint  and  dilute,  till  at T, 
where  all  the  Colours  begin  to  be  mixed  ,  it  end  iij 
whitenefs.  _  ] 

So  again,  on  the  other  fide  of  the  white  at  T,  wlierj 
the  leaft  refrangible  or  utmoft  red-making  rays  arealej 
the  Colour  muft  be  the  deepeft  red.  At  a  the  mixtul 
of  red  and  orange  will  compound  a  red  inclining  t| 
orange.  At  e  the  mixture  of  red,  orange,  yellow,  anl 
one  half  of  the  green  muft  compound  a  middle  Colon! 
between  orange  and  yellow.  At  -/  the  mixture  of  all 
Colours  but  violet  and  indico  will  compound  afeil 
yellow,  verging  more  to  green  than  to  orange.  M 
this  yellow  will  grow  more  faint  and  dilute  continual 
in  its  progrefs  from  x  to  7r,  where  by  a  mixture  of  af 
forts  of  rays  it  will  become  white.  1 

Thefe  Colours  ought  to  appear  were  the  Sun’s  Lig| 
perfeffly  white:  But  becaufe  it  inclines  to  yel low, then 
cefsof  the  yellow-making  rays  whereby  ’tis  tinged  wit 
that  Colour,  being  mixed  with  the  faint  blue  betwf 
S  and  T,  will  draw  it  to  a  faint  green.  And  fotl 
Colours  in  order  from  P  toT  ought  to  be  violet,  indict 
blue,  very  faint  green,,  white,  faint  yellow,  orange, ret 
Tints  it  is  by  the  computation  :  And  they  that  pleaie! 
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view  the  Colours  made  by  a  Prifm  will  find  it  fo  in 
Nature.. 

Thd’c  arc  the  Colours  on  both  fkles  the  white  when 
the  Paper  is  held  between  the  Prifm,  and  the  point  X 
where  the  Colours  meet,  and  the  interjacent  white  va- 
niflies.  For  if  the  Paper  be  held  (till  farther  off  from  the 
Prifm,  the  moit  refrangible  and  leaft  refrangible  rays 
will  be  wanting  in  the  middle  of  the  Light,  and  the  reft 
of  the  rays  which  are  found  there,  will  by  mixture  pro¬ 
duce  a  fuller  green  than  before.  Alio  the  yellow  and 
blue  will  now  become  lets  compounded,  and  by  con- 
lecjuence  more  intenfe  than  before.  And  this  alio 
agrees  with  experience. 

And  if  one  look  through  a  Prifm  upon  a  white  Object 
eneompafled  with  blacknefs  or  darknefs,  the  real'on  of 
the  Colours  ariiing  on  the  edges  is  much  the  fame,  as 
will  appear  to  one  that  ilnill  a  little  conlider  it.  If  a 
black Objcd  he  eneompaifed  with  a  white  one,  the  Co¬ 
lours  which  appear  through  the  Prifm  are  to  be  derived 
from  the  Light  of  the  white  one,  fpr  calling  into  the  Re¬ 
gions  of  the  black,  and  therdore  they  appear  in  a  con* 

'  trary  order  to  that,  in  which  they  appear  when  a  white 
Objefct  is  furrounded  with  black.  And  the  lame  is  to 
be  undertlood  when  an  Object  is  viewed,  whole  parts 
are  fame  of  t  hem  Ids  luminous  than  others.  For  in  the 
Borders  of  the  more  and  Id’s  luminous  parts,  Colours 
ought  always  by  the  fame  Principles  to  a  rife  from  the 
excels  of  the  Light  of  the  more  luminous,  and  to  be  of 
the  lame  kind  as  if  the  darker  parts  were  black)  but  yet 
to  be  more  taint  and  dilute. 

a  2 
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What  is  faid  of  Colours  made  by  Prifms  may  be  eafily 
applied  to  Colours  made  by  the  Glaffes  of  Telefeopes^ 
or  Microfcopes,  or  by  the  humours  of  the  Eye.  For  if 
the  Objed-glafs  of  a  Telefcope  be  thicker  on  one  fide 
than  on  the  other,  or  if  one  half  of  the  Glafs,  or  one 
half  of  the  Pupil  of  the  Eye  be  covered  with  any  opake 
fubftance :  the  Objed-glafs,  or  that  part  of  it  or  of  the 
Eye  which  is  not  covered,  may  be  confidered  as  a  Wedge 
with  crooked  fides,  and  every  Wedge  of  Glafs,  or  other 
pellucid  fubftance,  has  the  effect  of  a  Prifm  in  refracting 
the  Light  which  paflfes  through  it. 

How  the  Colours  in  the  9th  and  10th  Experiments 
of  the  firft  Part  arife  from  the  different  reflexibility  of 
Light, is  evident  by  what  was  there  faid.  But  it  is  obfer- 
vable  in  the  9th  Experiment,  that  whilft  the  Sun’s  di¬ 
rect  Light  is  yellow,  the  excels  of  the  blue-making 
rays  in  the  reflected  Beam  of  Light  M  N,  fuffices  only 
to  bring  that  yellow  to  a  pale  white  inclining  to  blue, 
and  not  to  tinge  it  with  a  manifeftly  blue  Colour.  To 
obtain  therefore  abetter  blue,  1  ufed  inftead  of  the  yel¬ 
low  Light  of  the  Sun  the  white  Light  of  the  Clouds,  by 
varying  a  little  the  Experiment  as  follows. 

EX  PER.  XVI. 

fig.  13.  Let  H  F  G  reprefent  a  Prifm  in  the  open  Air,  and S 
the  Eye  of  the  Spectator,  viewing  the  Clouds  by  their 
Light  coming  into  the  Prifm  at  the  plane  fide  FIGK, 
and  reflected  in  it  by  its  bafe  HE  I G,  and  thence  goiiig 
out  through  its  plain  fide  HEFK  to  the  Eye.  And 
when  the  Prifm  and  Eye  are  conveniently  placed,  fo 
that  the  Angles  of  incidence  and  reflexion  at  the  bafe 

may 
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may  be  about  40  degrees,  the  Spectator  will  tee  a  Bow 
MN  of  a  blue  Colour,  running  from  one  end  of  the 
bale  to  the  other,  with  the  concave  fide  towards  him,, 
and  the  part  of  the  bale  I  MNG  beyond  this  Bow  will 
be  brighter  than  the  other  part  KMNII  on  the  other 
fide  of  it.  This  blue  Colour  MN  being  made  by  no¬ 
thing  eli'e  than  by  reflexion  of  a  fpecular  fuperficies,. 
feems  fo  odd  a  Phenomenon.,  and  fo  unaccountable  for 
by  the  vulgar  I  lypothelis  of  Philolophers,  that  1  could r 
not  but  think  it  deferred  to  be  taken  notice  of.  Now 
for  undcrlhmding  the  realbn  of  it,  fuppofe  the  plane 
ABC  to  cut  the  plane  Pules  and  bale  ot  the  Prilin  per¬ 
pendicularly.  Prom  the  Rye  to  the  line  BC,  wherein  that 
plane  cuts  the  bale,  draw  the  lines  Sp  and  S  t,  in  the 
Angles  S pc  50  degr.  and  Stc  49  degr.  k ,  and  the 
■point  j>  will  be  the  limit  beyond  which  none  of  the  moll- 
refrangible  rays  can  pals  through  t  he  bale  of  the  Prifin, 
and  lie  refradted,  whole  incidence  is  Inch  that:  they  may 
be  reiledted  to  the  Rye  ;  and  the  point  t:  will  be  the  like 
limit  for  the  lead  refrangible  rays,  that  is,  beyond 
which  none  of  them  can  pals  through  the  hale,  whole 
incidence  is  fuch  that  by  rellexion  they  may  come  to  the 
Eye.  And  the  point  r  taken  in  the  middle  way  between 
p  and  t,  will  be  the  like  limit  for  the  meanly  refrangible- 
rays.  And  therefore  all  the  refrangible  rays  which  full- 
upon  the  hale  beyond  t,  that  is,  between  t  and  B,  and: 
can  come  from  thence  to  the  Eye  will  be  reiledted  thi¬ 
ther  :  But  on  this  fide  t,  that  is,  between  t  and  c,  many, 
of  thefe  rays  will  be  tranfmitted  through  the  bale.. 
And  all  the  moll  refrangible  rays  which  fall  upon  the. 
bale  beyond  p,  that  is,  between  p  and  B,  and  can  by 
rellexion  come  from  thence  to  the  Eye,  will  be  relledled; 

thither, 
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thither,  but  every  where  between  t  and  c,  many  0f 
theie  rays  will  get  through  the  bale  and  be  refradted ; 
and  the  lame  is  to  be  underftood  of  the  meanly  refran¬ 
gible  rays  on  either  fide  -of  the  point  r.  Whence  it  fob 
Tows,  that  the  bafe  of  the  Prifm  mu  ft  every  where  be¬ 
tween  t  and  B,  by  a  total  reflexion  of  all  forts  of  rays  to 
the  Eye,  look  white  and  bright-  And  every  where 
between  p  and  C,  by  reafon  of  the  tranfmiffion  of  many 
rays  of  every  fort,  look  more  pale,  obfcure  and  dark. 
But  at  r,  and  in  other  places  between  jp  and  t,  where 
all  the  more  refrangible  rays  are  refledted  to  the  Eye, 
and  many  of  the  lefs  refrangible  are  tranfmitted,  the 
excels  of  the  mod  refrangible  in  the  refledted  Light  will 
tinge  that  Light  with  their  Colour,  which  is  violet  and 
blue.  And  this  happens  by  taking  the  line  CprtB  any 
•where  between  the  ends  of  the  Prifm  H  G  and  E  L 

PROP.  IX.  PROB.  IV. 

By  the  difcovered  Broperties  of  Light  to  explain  the 
Colours  of  the  JLain'bo-w. 

This  Bow  never  appears  but  where  it  Rains  in  tiie 
Sun-fhine,  and  may  be  made  artificially  by  fpouting  up 
Water  which  may  break  aloft,  and  fcatter  into  Drops, 
-and  fall  down  like  Rain.  For  the  Sun  lhining  upon  thefe 
Drops  certainly  caufes  the  Bow  to  appear  to  a  Specta¬ 
tor  itanding  in  a  due  pofition  to  the  Rain  and  Sun.  And 
hence  it  is  now  agreed  upon,  that  this  Bow  is  made  by 
xefraCtion  of  the  Sun’s  Light  in  Drops  of  falling  Rain. 
This  was  underftood  by  fame  of  the  Ancients,  and  of 
late  more  fully  difcovered  and  explained  by  the  Famous 
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.Antonin s  dc  cDomim\-  Archbifliop  of  'Spilatfy  in  his  Book 
2)<?  Radits  brtfm  <p’  Law  is ,  publiflied  by  his  Friend  Bar- 
talus  at  Venice^  in  the  Year  1611,  and  written  above 
twenty  Years  before.  For  he  teaches  there  how  the 
interior  Bow  is  made  in  round  Drops  of  Rain  by  two 
refractions  at  the  Sun’s  Light,  and  one  reflexion'  be¬ 
tween  them,  and  the  exterior  by  two  refractions  and 
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filled  with  Water,  and  placed  in  t  he  Sun  to  make  the 
Colours  of  the  two  Bows  appear  in  them.  The  lame 
Explication  '‘.Da* -Cartes  hath  purfued  in  his  Meteors, 
and  mended  that  of  the  exterior  Bow,  But  whi lit  they 
underftood  not  the  true  origin  of  Colours,  it’s  neceflary 
to  purfue  it  here  a  little  further.  For  underltanding 
therefore  how  the  Bow  is  made,  let  a  Drop  of  Rain  or 
any  other  fpherical  t  ran  (parent  Body  be  reprefented  by 
the  Sphere  BN  FG,  delcribed  with  the  Center  C,  and  Fig. 
Semi-diameter  CN.  And  let  A  N  he  one  oi  the  Sun’s 
rays  incident  upon  it  at  N,  and  thence  refracted  to  F, 
where  let  it  either  go  out  of  the  Sphere  by  refraction  to¬ 
wards  V,  or  he  re  I  letted  to  G  ;  and  at  G  Let  it  either  go 
out  by  refraction  to  R,  or  be  rclleCted  to  H  ;  and  at  H. 
let  it  go  out  by  refraction  towards  S,  cutting  the  inci¬ 
dent  ray  in  Y  ;  produce  A  N  and  RG,  till  they  meet  in 
X,  and  upon  A  X  and  N  F  let  lull  the  perpendiculars 
CD  and  CH,  and  produce  C  D  till  it  tall  upon  the  cir¬ 
cumference  at  L.  Parallel  to  the  incident  ray  A  N  draw, 
the  Diameter  BQ,  and  let  the  line  of  incidence  out  of 
Air  into  Water  be  to  the  line  of  refraction  as  1  to 
R.  Now  if  you  lttppofe  the  point  ol  incidence  N  to 

move 
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move  from  the  point  B,  continually  till  it  come  to  L, 
the  Arch  QF  will  firft  increafe  and  then  dec  reate,  and 
jo  will  the  Angle  AXR  which  the  rays  AN  and  GR 
contain;  and  the  Arch  QF  and  Angle  AXR  will  be 
biggeft  when  ND  is  to  CN  as  AQl-RR  to  RR, 
in  which  cale  N E  will  be  to  ND  as  2  R  to  I.  All'o  the 
Angle  AYS  which  the  rays  A  N  and  H  S  contain  will 
firftdecreafe,  and  then  increafe  and  grow  leaft  when 
ND  is  to  CN  as  X II-RR  to/ZS  R R,  in  which  cafe 
N  E  will  be  to  N  D  as  3  R  to  I.  And  fo  the  Angle  which 
the  next  emergent  ray  ( that  is,  the  emergent  ray  after 
three  reflexions )  contains  with  the  jncident  ray  A  N 
will  come  to  its  limit  whenND  is  to  CN  as  /  iTrr  to 
// 1 5  R  R,  in  which  cafe  N  E  will  be  to  N  D  as  4.  R  to  I, 
and  the  Angle  which  the  ray  next  after  that  emergent, 
that  is,  the  ray  emergent  after  four  reflexions,  con¬ 
tains  with  the  incident  will  come  to  its  limit,  when 
N  D  is  to  C  N>  as  /Qi-RR  to  R  R ,  in  which  cafe 
N  E  will  be  to  N  D  as  5  R  to  I ;  and  fo  on  infinitely, 
the  numbers  3,  8, 15,  24.,  bV.  being  gathered  by  conti¬ 
nual  addition  of  the  terms  of  the  arithmetical  progreffion 
3, 5, 7, 9, be.  The  truth  of  all  this  Mathematicians  will 
•eatily  examine. 

Now  it  is  to  be  obferved,  that  as  when  the  Sun  comes 
to  his  Tropicks,  days  increafe  and  decreale  but  a  very 
little  for  a  great  while  together  ;  fo  when  by  increafing 
■the  diftance  CD,  thefe  Angles  come  to  their  limits, 
they  vary  their  quantity  but  very  little  for  fome  time 
together,  and  therefore  a  far  greater  number  of  the  rays 
which  fall  upon  all  the  points  N  in  the  Quadrant 
EL,  fhall  emerge  in  the  limits  of  thefe  Angles, 
-then  in  any  other  inclinations.  And  further  it  is 

to 
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to  be  obferved,  that  the  rays  which  differ  in  refrangi- 
bility  will  have  different  limits  of  their  Angles  of  emer¬ 
gence,  and  by  conlequence  according  to  their  different 
degrees  of  refrangibility  emerge  moil  copioufly  in  dif¬ 
ferent  Angles,  and  being  feparated  from  one  another 
appear  each  in  their  proper  Colours.  And  what  thole 
Angles  are  may  be  eafily  gathered  from  the  foregoing 
Theorem  by  computation. 

For  in  the  leaft  refrangible  rays  the  fines  I  and  R  (as 
was  found  above)  are  108  and  81,  and  thence  by 
computation  the  greateft  Angle  AXR  will  be  found 
4  a  degrees  and  a  minutes,  and  the  leaft  Angle  AYS, 

50  degr.  and  57  minutes.  And  in  the  mod  refrangible 
rays  the  fines  I  and  R  are  109  and  81,  and  thence  by 
computation  the  greateft  Angle  AXR  will  be  found 
40 degrees  and  17  minutes,  and  the  leaft  Angle  AYS 
54  degrees  and  7  minutes. 

Suppole  now  that  O  is  the  Spectator’s  Eye,  and  OP  a  line  pig. 
drawn  parallel  to  the  Sun’s  rays,  and  let  P  0  E,  P  O  F, 

P  O  G,  P  O  H,  be  Angles  of  40  degr.  1 7  min.  4a  degr. 

2  min.  50  degr.  57  min.  and  54  degr.  7  min.  refpe&ively, 
and  thefe  Angles  turned  about  their  common  fide  O  P, 
fhall  with  their  other  fidesOE,  OF;  OG,  OH  de- 
deicribe  the  verges  of  two  Rain-bows  A  F  B  E  and 
CHDG.  For  if  E,  F,  G,  FI,  be  Drops  placed  any 
where  in  the  conical  fuperficies  defcribed by  O E,  OF, 
OG,  O  H,  and  be  illuminated  by  the  Sun’s  rays  SE, 

SF,  SG,  SH;  the  Angle  SEO  being  equal  to  the 
Angle  POE  or  40  degr.  17  min.  fhall  be  the  greateft 
Angle  in  which  the  moll  refrangible  rays  can  after  one 
reflexion  be  refracted  to  the  Eye,  and  therefore  all  the 
'Drops  in  the  line  O  E  fhall  fend  the  moll  refrangible 
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rays  moft  copioufly  to  the  Eye,  and  thereby  ftrike  the 
fenles  with  the  deepeft  violet  Colour  in  that  region, 
And  in  like  manner  the  Angle  S  F  O  being  equal  to 
the  Angle  P  O  F,  or  4a  deg.  2  min.  fhall  be  the  greateft 
in  which  the  leaft  refrangible  rays  after  one  reflexion 
can  emerge  out  of  the  Drops,  and  therefore  thole  rays 
fhall  come  molt  copioufly  to  the  Eye  from  the  Drops  'in 
the  line  OF,  and  ftrike  the  lenfes  with  the  deepeft  red 
Colour  in  that  region.  And  by  the  lame  argument, 
the  rays  which  have  intermediate  degrees  of  refrangibi- 
lity  fhall  come  moft  copioufly  from  Drops  between 
E  and  F,  and  ftrike  the  lenfes  with  the  intermediate 
Colours  in  the  order  which  their  degrees  of  refrangibi- 
lity  require ,  that  is,  in  the  progrelsy  from  ^  to  F,  or 
from  the  infide  of  the  Bow  to  the  outfide  in  this  order, 
violet,  indico,  blue,  green,  yellow, orange,  red.  But  the 
violet,  by  the  mixture  of  the  white  Light  of  the  Clouds, 
will  appear  faint  and  incline  to  purple. 

Again,  the  Angle  S  G  O  being  equal  to  Angle  P 0  G, 
hr  50  gr.  5 1  min.  fhall  be  the  leaft  Angle  in  which  the 
leaft  refrangible  rays  can  after  two  reflexions  emerge  out 
of  the  Drops, and  therefore  the  leaft  refrangible  rays  fhall 
come  moft  copioufly  to  the  Eye  from  the  Drops  in  the 
line  0  G,  and  ftrike  the  fenie  with  the  deepeft  red  in 
that  region.  And  the  Angle  S  FI  O  being  equal  to  the 
Angle  P  0  H  or  54  gr.  7  min.  fhall  be  the  leaft  Angle  in 
which  the  moft  refrangible  rays  after  two  refle&ions  can 
emerge  out  of  the  Drops,  and.  therefore  thole  rays  fhall 
come  moft  copioufly  to  the  Eye  from;  the  Drops  in  the 
line  0  H,  and  ftrike  the  lenles  with  the  deepeft  violet  in 
that  region.  And  by  the  fame  argument,  the  Drops  in 
the  regions  between  G  and  H  fhall  ftrike  the  lenl'e.with 

the 
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the  intermediate  Colours  in  the  order  which  their  de¬ 
crees  of  refrangibility  require,  that  is,  in  the  progrels 
from  G  to  H,  or  from  the  inlide  of  the  Bow  to  the  out- 
fide  in  this  order,  red,  orange,  yellow,  green,  blue,  in- 
dico,  violet.  And  lince  thel'e  four  lines  O E,  O  F,  O  G. 
0  H ,  may  be  Unrated  any  wherein  the  above-mentioned 
conical  luperticies,  what  is  laid  of  the  Drops  and  Co¬ 
lours  in  thel'e  lines  is  to  be  underftood  of  the  Drops 
and  Colours  every  where  in  thole  luperticies. 

Thus  [hall  there  be  made  two  Bows  of  Colours,  an 
interior  and  dronger,  by  one  reflexion  in  the  Drops, 
and  an  exterior  and  fainter  by  two  ;  for  the  Light  be¬ 
comes  fainter  by  every  reflexion.  And  their  Colours 
(hall  ly  in  a  contrary  order  to  one  another,  the  red  of 
both  Bows  bordering  upon  the  ipace  G  F  which  is  be¬ 
tween  the  Bows.  The  breadth  of  the  interior  Bow 
EO  F  mealured  crofs  the  Colours  fliall  be  r  degr.  45  min. 
and  the  breadth  of  the  exterior  GOH  mail  be  3 
degr.  10  min.  and  the  di dance  between  them  GOF 
(hail  bebgr.  55  min.  the  greateft  Semi-diameter  of  the 
inner  mod,  that  is,  the  Angle  PO  F  being  43  gi\  3  min, 
and  the  lead  Semi-diameter  of  the  outermod  FOG,  be¬ 
ing  50  gr,  57  min.  Tilde  are  the  mea lures  of  the  Bows, 
as  they  would  be  were  the  Sun  but  a  point  *  for  by  the 
breadth  of  his  Body  the  breadth  of  the  Bows  will  be  in- 
■crcaled  and  their  didance  decrealcd  by  half  a  degree, 
and  io  the  breadth  of  the  interior  Iris  will  be  a  degr. 
•i  5  min.  that  of  the  exterior  3  degr.  40  min.  their  di* 
ftance  8  degr.  35  min.  the  greated Semi-diameter  of  the 
interior  Bow  43  degr.  17  min.  and  the  lead  of  the. ex¬ 
terior  ?o  degr,  43  min.  And  inch  are  the  dimenlions 
of  the  Bows  in  the  Heavens  found  to  be  very  nearly, 

::  E.  a  when 
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when  their  Colours  appeal  ftiong  and  perfect.  Pqj. 
once,  by  luch  means  as  I  then  had,  I  meafured  the 
(ireateft'Semi-diameter  of  the  interior  Iris  about  42  de¬ 
crees,  the  breadth  of  the  red,  yellow  and  green  in  that 
Iris  63  or  64  minutes,  befides  the  outmoft  faint  red  ob- 
feu  red  by  bnghtnefs  of  the  Clouds,  for  which  we 
may  allow  3  or  4  minutes  more.  The  breadth  of  the 
blue  was  about  40  minutes  more  befides  the  violet 
which  was  fo  much  obicured  by  the  brightnels  of  the 
Clouds,  that  I  could  not  meaiure  its  breadth.  But 
fuppofing  the  breadth  of  the  blue  and  violet  together 
to  equal  that  of  the  red,  yellow  and  green  together,  the 
whole  breadth  of  this  Iris  will  be  about  C  degrees  as 
above.  The  lea  ft  diftance  between  this  Iris  and  the  ex¬ 
terior  Iris  was  about  8  degrees  and  30  minutes.  The  ex¬ 
terior  Iris  was  broader  than  the  interior,  but  fo  faint, 
efpecially  on  the  blue  fide,  that  I  could  not  meafure  its 
breadth  diftinftly.  At  another  time  when  both  Bows 
appeared  more  diftinci,  I  meafured  the  breadth  of  the 
interior  Iris  2  gr.  10',  and  the  breadth  of  the  red,  yel¬ 
low  and  green  in  the  exterior  Iris,  was  to  the  breadth 
of  the  fame  Colours  in  the  interior  as  3  to  2. 

This  Explication  of  the  Rain-bow  is  yet  further  con¬ 
firmed  by  the  known  Experiment  (  made  by  Antanm 
de  ‘Dmtinis  and  ‘Des'Cartes)  of  hanging  up  anywhere 
in  the  Sun-Ihine  a  G1  ifs-Globe  filled  with  Water,  and 
viewing  it  in  fueh  a  pofture  that  the  rays  which  come 
from  the  Globe  to  the  Eye  may  contain  with  the  Sun’s 
rays  an  Angle  of  either  42  or  50  degrees.  For  if  the 
Angle  be  about  42  or  43  degrees,  the  Spectator  ( fup- 
pofe  at  O)  fhall  fee  a  full  red  Colour  ip  that  fide  of  the 
Globe  oppofed  to  the  Sun  as  ’tis  reprefented  at  F,  and 
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if  that  Angle  become  let's  (  fuppofe  by  depreffing  the 
Globe  to  E)  there  will  appear  other  Colours,  yellow, 
green  and  blue  fuceellively  in  the  lame  tide  of  the  Globe. 
But  if  the  Angle  be  made  about  50  degrees  (fuppofe  by 
lifting  up  the  Globe  to  G)there  will  appear  a  red  Colour 
in  that  tide  of  the  Globe  towards  the  Sun,  and  if  the 
Angle  be  made  greater  (fuppofe  by  lifting  up  the  Globe 
to  11)  the  red  will  turn  liteeeffively  to  the  other  Colours 
yellow,  green  and  blue.  The  lame  thing  1  have  tried  by 
letting  a  Globe  re  Hr,  and  railing  or  depreffing  the  Eye, 
orotherwile  moving  it  to  make  the  Angle  of  a  juft 
magnitude. 

I  have  heard  it  reprefented,  that  if  the  Light  of  a 
Candle  be  reiVaded  by  a  Priiin  to  the  Eye  ;  when  the 
blue  Colour  falls  upon  the  Eye  the  Spectator  iliall  lee 
red  in  the  Prifm,  and  when  the  red  falls  upon  the  Eye 
he  fliall  lee  blue  ;  and  if  this  were  certain,  the  Colours 
of  the  Globe  and  Rain-bow  ought  to  appear  in  a  con¬ 
trary  order  to  what  we  find.  But  the  Colours  of  the 
Candle  being  very  faint,  the  mi  (fake  teems  to  arife  from 
the  difficulty  of  difeerning  what  Colours  fall  on  the 
Eye.  For,  on  the  contrary,  I  have  fometimes  had  oc- 
cafion  to  oblerve  in  the  Sun’s  light  refra&ed  by  a  Prifm, 
that  the  Spectator  always  fees  that  Colour  in  the  Prifm 
which  falls  upon  his  Eye.  And  the  fame  I  have  found 
true  alfo  in  Candle-Light.  For  when  the  Prifm  is  mo¬ 
ved  (lowly  front  the  line  which  is  drawn  diredly  from  the 
Candle  to  the  Eye, the  red  appears  firft  in  the  Prifm  and 
then  the  blue,  and  therefore  each  of  them  is  icon  when, 
it  falls  upon  the  Eye.  For  the  red  pafles  over  the  Eye 
firft,  and  then  the  blue. 


The 


The  Light  which  comes  through  Drops  of  Ram  by 
two  retractions  without  any  reflexion,  ought  to  appear 
ftrongeft  at  the  diftance  of  about  a  6  degrees  from  the 
Sun,  and  to  decay  gradually  both,  ways  as  the  diftance 
from  him  increai.es  and  decreafes.  And  the  fame  is  to 
be  underftood  of  Light  tranfmitted  through  ipherical 
Hail-ftones.  And  if  the  Hail  be  a  little  flatted,  as  it 
often  is,  the  Light  tranfmitted  may  grow  fo  ftrong  at 
a  little  lei's  diftance  than  that  of  a  6  degrees,  as  to  form 
a  Halo  about  the  Sun  or  Moon ;  which  Halo,  as  often 
as  the  Hail-ftones  are  duly  figured  may  be  coloured, 
and  then  it  mult  be  red  within  by  the  leaft  refrangible 
rays, and  blue  without  by  the  moft  refrangible  ones,efpe- 
dally  if  the  Hail-ftones.  have  opake  Globules  of  Snow  in 
their  center  to  intercept  the  Light  within  the  Halo  (as 
Hugenim  has  obferved)  and  make  the  iniide  thereof  more 
diftm&ly  defined  than  it  would  otherwife  be.  For 
fuch  Hail-ftones,  though  ipherical,  by  terminating  the 
Light  by  the  Snow,  may  make  a  Halo  red  within  and 
colourlefs  without,  and  darker  in  the  red  than  with, 
out,  as  Halos  ule  to  be.  For  of  thofe  rays  which  pafs 
clofe  by  the  Snow  the  rubriform  will  be  leaft-  refraCted, 
and  fo  come  to  the  Eye  in  the  dife&eft  lines. 

The  Light  which  paftes  through  a  Drop  of  rain  after 


two  refractions, 
ftrong  enough  to 


three  or  more  reflexions,  is 
ie  a  ferafible  Bow  ;  but  in  thole  Gy« 
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jjy  the  discovered  'Properties  of  Light  to  explain  the  per* 
nuto'ent  Colours  oj  natural  Bodies. 

Thefe  Colours  arile  from  hence,  that  fome  natural 
Bodies  reflect  tome  lorts  of  rays,  others  other  forts  more 
cop iouily  than  the  rdf.  Minium  reflects  the  leaft  re¬ 
frangible  hr  ml -making  rays  molt  copiouily,  and  thence 
appears  red.  Violets  reflect  the  molt  refrangiblej  moft 
copioufly,  and  thence  have  their  Colour,  and  lo  of  other 
Bodies.  Every  Body  reflects  the  rays  of  its  own  Colour 
ihOre  copiouily  than  the  reft,  and  from  their  excels  and 
predominance  in  the  reflected  Light  has  its  Colour. 

EX  PER.  XVII. 

For  if  the  homogeneal  Lights  obtained  by  the  foiu- 
tion  of  the  Problem  propofed  in  the  4-th  Propofttion  of 
the  firft  Book  you  place  Bodies  of  leveral  Colours,  you 
will  find,  ,as  I  have  done,  that  every  Body  looks  molt 
fplendid  and  luminous  in  the  Light  of  its  own  Colour. 
Cinnaber  in  the  homogeneal  red  Light  is  molt  rdplen- 
dent,  in  the  green  Light  it  is  manifdtly  lets  refplen- 
dent,  and  in  tllfc  blue  Light  (till  Ids.  Inclico  in  the 
Violet  blue  Light  is  molt  rdplendent,  and  its  fplenclor 
&  gradually  dimimfhed  as  it  is  removed  thence  by  de¬ 
grees  through  the  green  and  yellow  Light  to  the  red. 
By  a  Leek  the  green  Light,  and  next  that  tire  blue  and 

yellow  which  compound  green,  are  more  Itrongly  re- 
r  fleeted 


fleeted  than  the  other  Colours  red  and  violet, and  f0  oftlie 
reft.  But  to  make  theie  Experiments  the  more  manifeft 
iuch  Bodies  ought  to  be  chofen  as  have  the  fulleft  and 
moil  vivid  Colours,  and  two  of  thole  Bodies  are  to  be 
compared  together.  Thus,  for- inftanCe,  if  Cinnaber 
and  ultra  marine  blue ,  or  fome  other  full  blue  be 
held  together  in  the  homogeneal  Light,  they  will  both 
appear  red,  but  the  Cinnaber  will  appear  of  a  ftrongly 
luminous  and  refplendent  red,  and  the  ultra  marine 
blue  of  a  faint  oblcure  and  dark  red;  and  if  they  be 
held  together  in  the  blue  homogeneal  Light  they  will 
both  appear  blue,  but  the  ultra  marine  will  appear  of 
a  ftrongly  luminous  and  refplendent  blue,  and  the 
Cinnaber  of  a  faint  and  dark  blue.  Which  puts  it  out 
of  difpute ,  that  the  Cinnaber  reflects  the  red  Light 
much  more  copioully  than  the  ultra  marine  doth,  and 
the  ultra  marine  reflects  the  blue  Light  much  more  co- 
pioufly  than  the  Cinnaber  doth.  The  lame  Experiment 
may  be'tryed  fuccesfully  with  red  Lead  and  Indico,  or 
with  any  other  two  coloured  Bodies,  if  due  allowance 
be  made  for  the  different  ftrength  or  weaknefs  of  their 
Colour  and  Light.-.  ,  ,  i  ; \ 

And  as  the  realbn  of  the  Colours  of  natural  Bodies  is 
evident  by  thefe  Experiments,  lb  it  is  further  confirmed 
and  put  paft  difpute  by  the  two  firft  Experiments  of  the 
firftBook,  whereby  ’twas  proved  in  iuch  Bodies  that 
the;  reflected  Light  which  differ  in  Colours  do  differ  alfo 
in  degrees  of ;  riefrangibility.  For  thence  it’s  certain, 
that  fome  Bodies  relied  the  more  refrangible,  others 
.the  lefs  refrangible  rays  more  copioully. 


And 
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And  that  this  is  not  only  a  true  reafon  of  thefe  Co¬ 
lours  but  even  the  only  realon  may  appear  further 
from  this  confideration,  that  the  Colour  of  homogeneal 
Light  cannot  be  changed  by  the  reflexion  of  natural 
Bodies. 

For  if  Bodies  by  reflexion  cannot  in  the  leaft  change 
the  Colour  of  any  one  fort  of  rays,  they  cannot  appear 
coloured  by  any  other  means  than  by  reflecting  thofe 
which  either  are  of  their  own  Colour,  or  which  by 
mixture  mu  ft  produce  it. 

But  in  trying  Experiments  of  this  kind  care  muft  be 
had  that  the  Light  be  fufficiently  homogeneal.  For  if 
Bodies  be  illuminated  by  the  ordinary  prifmatick  Co¬ 
lours,  they  will  appear  neither  of  their  own  day-light 
Colours,  nor  of  the  Colour  of  the  Light  call:  on  them, 
but  of  fome  middle  Colour  between  both,  as  I  have 
found  by  Experience.  Thus  red  Lead  (  for  inftance  ) 
illuminated  with  the  ordinary  prifmatick  green  will 
not  appear  either  red  or  green,  but  orange  or  yellow, 
or  between  yellow  and  green  accordingly,  as  the  green 
Light  by  which  ’tis  illuminated  is  more  or  lefs  com¬ 
pounded.  For  becaufe  red  Lead  appears  red  when  il¬ 
luminated  with  white  Light,  wherein  all  forts  of  rays 
are  equally  mixed,  and  in  the  green  Light  all  forts  of 
rays  are  not  equally  mixed,  the  excefs  of  the  yellow- 
. making,  green-making  and  blue-making  rays  in  the 
incident  green  Light,  will  caufe  thofe  rays  to  abound 
fo  much  in  the  reflected  Light  as  to  draw  the  Colour 
from  red  towards  their  Colour.  And  becaule  the  red 
•Lead  reflects  the  red-making  rays  molt  copioufly  in 
.  proportion  to  their  number,  and  next  after  them  the 
orange-making  and  yellow-making  rays ;  thefe  rays  in 
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the  reflected  Light  will  be  more  in  proportion  to  the 
j.ight  than  they  were  in  the  incident  green  Light,  and 
thereby  will  draw  the  reflected  Light  from  green  to¬ 
wards  their  Colour.  And  therefore  the  red  Lead  will  ap. 
pear  neither  red  nor  green,butofa  Colour  between  both. 

In  tranfparently  coloured  Liquors  ’tis  oblervable 
that  their  Colour  ules  to  vary  with  their  thickneC 
Thus,  for  in  dance,  a  red  Liquor  in  a  conical  Glai's 
held  between  the  Light  and  the  Eye,  looks  of  a  pale 
and  dilute  yellow  at  the  bottom  where ’tis  thin,  and  a 
little  higher  where  ’tis  thicker  grows  orange, and  where 
’tis  ftilf  thicker  becomes  red,  and  where  ’tis  thickeft 
the  red  is  deepeft  and  darkeft.  For  it  is  to  be  conceived 
that  fuch  a  Liquor  flops  the  indico-making  and  violet- 
making  rays  moft  ealily,  _  the  blue- making  rays  more 
difficultly,  the  green-making  rays  Hill  more  difficultly, 
and  the  red-making  moft  difficultly  :  And  that  if  the 
thicknefs  of  the  Liquor  be  only  fo  much  as  fufficesto 
flop  a  competent  number  of  the  violet-making  and  in¬ 
dico-making  rays,  without  diminilhing  much  the  num¬ 
ber  of  the  reft,  the  reft  muft  ( by  Prop.  6.  ]_ Jib.  1.)  com¬ 
pound  a  pale  yellow.  But  if  the  Liquor  be  lo  much 
thicker  as  to  ftop  alfo  a  great  number  of  the  blue-making, 
rays,  and  fome  of  the  green-making,  the  reft  muft  com¬ 
pound  an  orange  ;  and  where  it  is  fo  thick  as  to  ftop 
alfo  a  great  number  of  the  green-making  and  a  conli- 
derable  number  of  the  yellow-making,  the  reft:  mull 
begin  to  compound  a  red,  and  this  red  muft  grow  deeper 
and.  darker  as  the  yellow  making  and  orange-making 
rays  are  more  and  more  ftopt  by  increafing  the  thick¬ 
nefs  of  the  Liquor,  fo  that  few  rays  belides  the  red- 
making  can  get  through. 


Of 
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Of  this  kind  is  an  Experiment  lately  a latcd  to  me  by 
Mr .  BalU‘%  who,  in  diving  deep  into  the  Sea,  found 
in  a  clear  "Sun  Ihine  day,  that  when  lie  was  funk  many 
Fathoms  deep  into  t lie  Water,  the  upper  part  of  his 
Hand  in  which  the  Sun  Ihone  directly  through  the 
Water  looked  of  a  red  Colour,  and  the  under  part  of 
his  Hand  illuminated  by  Idght  relieved  from  the  Water 
below  looked  green.  For  thence  it;  may  be  gathered, 
that  the  Sea-water  reflects  hack  the  violet  and  blue- 
making  rays  molt  eulily,  and  lets  the  red-making  rays 
pals  moll  (reel  and  copioully  to  great  depths.  Bor 
thereby  I  lie  Sun’s  direct  Light  at  all  great  depths,  by 
reafbn  of  the  predominating  red-making  rays,  mutt 
appear  red;  and  the  greater  the  depth  is,  the  fuller 
and  in  tenter  mull  that  red  he.  And  at  inch  depths  as 
the  violet-making  rays  leuicc  pencil  ale  unto,  the  bluc- 
imiking,  green-making  and  yellow -making  my®  being 
retire  tut  irom  below  mure  copioully  than  the  i  cd  nuking 
ones,  mull:  compound  a  green. 

Now  if  there  he  two  Liquors  ot  lull  Colours,  lup- 
'poie  a  red  and  a  blue,  and  hoi  h  of  thenp  lb  thick  as 
111 flices  to  make*  their  Colours  lullieiently  lull ,  though 
either  Liquor  be  lufiniently  traniparent  apart,  yet 
will  you  not  be  able  to  fee  t  hrough  both  together.  Bor 
if  only  the  reel-making,  rays  pals  through  one  Liquor, 
and  only  the  blue-making  through  the  other,  no  rays 
can  pals  through  both.  This  Mr.  Hook  tried  cufuaUy 
with  Glafs- wedges  third  with  red  and  blue  lacjuuu^ 
and  was  furpri/.ed  at  the  unexpected  event,  the  lealou 
of  it  being  then  unknown  ;  which  makes  me  ti  ult  the 
more  to  his  Experiment,  though  1  have  not  tiyed  it 
my  fell".  Hut:  lie  that  would  repeat  it,  mud  take  care 
the  Liquors  be  ot  very  good  unit  lull  Colours. 
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Now  whilft  Bodies  become  coloured  by  reflecting  0r 
tranfmitting  this  or  that  fort  of  rays  more  copioufly  than 
the  reft,  it  is  to  be  conceived  that  they  flop  and  ftifle  in 
themfel  ves  the  rays  which  they  do  not  reflect  or  tranfmit. 
For  if  Gold  be  foliated  and  held  between  your  Eye  and 
the  Light,  the  Light  looks  blue,  and  therefore  maffy  Gold 
lets  into  its  Body  the  blue-making  rays  to-  be  reflected 
to  and  fro  within  it  till  they  be  ftopt  and  ftifled,  whilft 
it  refledts  the  yellow-making  outwards,  and  thereby 
looks  yellow.  And  much  after  the  fame  manner  that 
Leaf-gold  is  yellow  by  reflected,  and  blue  by  tranfmit- 
ted  Light,  and  maffy  Gold  is  yellow  in  all  pofitions  of 
the  Eye ;  there  are  fome  Liquors  as  the  tinCtufe  of 
Lignum  Nefhrtticim ,  and  fome  forts  of  Glafs  which 
tranfmit  one  fort  of  Light  molt  copioufly,  and  refled 
another  fort,  and  thereby  look  of  feveral  Colours,  ac¬ 
cording  to  the  pofition  of  the  Eye  to  the  Light.  But  if 
thefe  Liquors  or  Glaffes  were  fo  thick  and  maffy  that 
no  Light  could  get  through  them,  I  queftion  not  but 
that  they  would  like  all  other  opake  Bodies  appear  of 
one  and  the  fame  Colour  in  all  pofitions  of  the  Eye, 
though  this  I  cannot  yet  affirm  by  experience.  For  all. 
coloured  Bodies,  fo  far  as  my  Obfervation  reaches,  may 
be  feen  through  if  made  fufficiently  thin,  and  therefore 
are  in  fome  mealure  tranfparent,  and  differ  only  in  de¬ 
grees  of  tranfparency  from  tinged  tranfparent  Liquors; 
thefe  Liquors,  as  well  as  thole  Bodies,  by  a  fumcient 
thicknefs  becoming  opake.  A  tranfparent  Body,  which 
looks  of  any  Colour  by  tranfmitted  Light,  may  alfo 
look  of  the  fame  Colour  by  reflected  Light,  the  Light 
of  that  Colour  being  reflected  by  the  further  lurface  of 
the  Body,  or  by  the  Air  beyond  it.  And  then  the  re- 
fleffed  Colour  will  be  diminifhed,  and  perhaps  ceafe,  by 

making 
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making  the  Body  very  thick,  and  pitching  it  on  the 
back- fide  to  diminifh  the  reflexion  of  its  further  fur  face, 
l'o  that  the  Light  reflected  from  the  tinging  particles 
may.  predominate.  In  inch  cafes,  the  Colour  of  the  re¬ 
flected  Light  will  be  apt  to  vary  from  that  of  the  Light 
tranfmitted.  But  whence  it  is  that  tinged  Bodies  and 
Liquors  reflect  fome  fort  of  rays,  and  intromit  or  tranf- 
mit  other  forts,  fhall  be  laid  in  the  next  Book.  In  this 
Propofition  I  content  my  felf  to  have  put  it  paft  difpute,, 
that  Bodies  have  luch  Properties,  and  thence  appear, 
coloured. 


PROP.  XI.  P  ROB.  VI. 

By  mixing  coloured  Lights  to  compound  a  Beam  of  Light 
of  the  fame  Colour  and  Nature  with' a  Beam  of  the  Suns 
direH  Light ,  and  therein  to  experience  the  truth  of  the. 
foregoing  Tropofitions . 

Let  AB  Ca  be  reprefent  a  Prifm  by  which  the  Sun’s  Fig-  rG 
Light  let  into  a  dark  Chamber  through  the  Hole  F,  may 
be  refracted  towards  tire  Lens  MN,„  and  paint  upon  it. 
at  p,  q,  r,  s  and  t,  the  ufua  1  Colours  violet,  blue,  green,, 
yellow  and  red,  and  let  the  diverging  rays  by  the  re¬ 
fradtion  of  this  Lens  converge  again  towards  X,  and. 
there, by  the  mixture  of  all  thole  their  Colours, compound 
a  white  according  to  what  was  fhewn  above.  Then  let 
another  Prifm  DEG  deg,  parallel  to  the  former,  be 
placed  at  X,  to  refradt  that  white  Light  upwards.-  to¬ 
wards  Y.  Let  the  refradting  Angles  of  the  Prifms,, 
and  their  diftances  from  the  Lens  be  equal,  lb  that  the: 
rays  which  converged  from  the  Lens  towards  X, .  and', 
without  refradtion,  would  there  have  croffed  and  diver¬ 
ged,  again,  may  by  the  refradtion  of  the  lecond  Prifm  be 

reduced'. 
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reduced  into  Parallelifm  and  diverge  no  more.  F0! 
then  thole  rays  will  recompofe  a  Beam  of  white  Ligh 
X  Y.  If  the  refraCting  Angle  of  either  Prifm  be  thi 
biager,  that  Prifm  mult  be  lo  much.  the  nearer  to  th< 
Lens.  1  You  will  know  when  the  Prifms  and  the  Len 
are  well  let  together  by  oblerving  if  the  Beam  of  Ligh; 
X  Y  which  comes  out 'of  the  fecond  Prifm  be  perfeftlj 
white  to  the  very  edges  of  the  Light,  and  at  all  diftan- 
ces  from  the  Prifm  continue  perfectly  and  totally  whitt 
like  a  Beam  of  the  Sun’s  Light.  For  till  this  happen? 
the  poiition  of  the  Prifms  and  Lens  to  one  another  mufi 
be  corrected,  and  then  if  by  the  help  of  a  long  Beam  o 
Wood,  as  is  reprefented  in  the  Figure,  or  by  a  Tube 
or  fome  other  fuch  inftrument  made  for  that  purpole 
they  be  madefaft  in  that  fituation,  you  may  try  all  the 
fame  Experiments  in  this  compounded  Beam  of  Ligh! 
X  Y,  which  in  the  foregoing  Experiments  have  beet 
made  in  the  Sun’s  direCt  Light.  For  this  compounded 
Beam  of  Light  has  the  lame  appearance,  and  is  endowed 
with  all  the  fame  Properties  with  a  direCt  Beam  of  the 
Sun’s  Light,  fo  far  as  my  Oblervation  reaches.  And  in 
trying  Experiments  in  this  Beam  you  may  by  hopping 
any  of  the  Colours  p,  q,  r,  s  and  t,  at  the  Lens,  fee  how 
the  Colours  produced  in  the  Experiments  are  no  other 
than  thole  which  the  rays  had  at  the  Lens  before  they 
entered  the  compofition  of  this  Beam  :  And  by  cotife- 
quence  that  they  arife  not  from  any  new  modifications 
of  the  Light  by  refractions  and  reflexions,  but  from  the 
various  reparations  and  mixtures  of  the  rays  originally 
endowed  with  their  colour-making  qualities. 

So,  for  inftance,  having  with  a  Lens  4-^  Inches  broad, 
and  two  Prifms  on  either  Hand-  65  Feet  diltant  from  the 
Lens,  made  fuch  a  Beam  of  compounded  Light :  to 

examin 


[  J43  3 

cxamin  the  realon  of  the  Colours  made  by  Prifms,  I. 
refunded  this  compounded  .Beam  of  Light'  \  V  with 
another  Frilin  H  1  K  k  h,  and  thereby  tail  the  ul'ual  piif- 
mutick  (dolours  P  Q  R  ST  upon  the  Paper LV  placed  be¬ 
hind.  And  1  hen  by  Hopping  any  of  the  Colours  p,  q, 
r,  s,  t,  at  the  Lens,  i  found  that  the  lame  Colour  would 
vanifliat  the  Paper.  So  if  the  purple  P  was  Hopped  at 
the  Lens,  the  purple  P  upon  the  Paper  would  vanifh, 
and  the  reft  of  the  Colours  would  remain  unaltered, 
unlels  perhaps  the  blue,  lb  far  as  ibrne  purple  latent  in 
it  at  the  Lens  might  be  feparated  from  it:  by  the  fol¬ 
lowing  refratlions.  And  io  by  intercepting  the  green 
upon  the  Lens,  t  he  green  R  upon  the  Paper  would  va- 
nifh,  and  foot"  the  roll  ;  which  plainly  (hews,  that  as 
the  white  Beam  of  Light  X  Y  was  compounded  of  le- 
ve  Lights  variouily  coloured  at  the  Lens,  fo  the  Co¬ 
lours  which  afterwards  emerge  out  of  it  by  new  refra¬ 
ctions  are  no  other  than  thole  of  which  its  whi tends 
was  compounded.  The  refrattion  of  the  Frilin  H1K 
kh  generates  the  Colours  PC2R.ST  upon  the  Paper, 
not  by  changing  the  colorific  qualities  of  the  rays,  but 
by  fepa rating  t  he  rays  which  had  the  very  ltune  colorific 
qualities  before  they  entered  the  composition  ot  the  re¬ 
fracted  Beam  white  of  Light  X  Y.  For  othervvilc  the  rays 
which  were  of  one  Colour  at  the  Lens  might  be  of  ano¬ 
ther  upon  the  Paper,  contrary  to  what  we  find. 

Bo  again,  to  examin  the  realon  of  the  Colours  of  na¬ 
tural  Bodies,  1  placed  fuch  Bodies  in  the  Beam  of  Light 
XY,  and  found  that  they  all  appeared  there  of  thole 
i their  own  Colours  which  they  have  in  Day-light,  and 
that  thole  Colours  depend  upon  the  rays  which  had  the. 
fame  Colours  at  the  Lens  before  they  entred  the  compo- 
■'  lit  ion. 


fition  of  that  Beam.  Thus,  for  inflnnce,  Cinnaber  illumi¬ 
nated  by  this  Beam  appears  of  tire  lame  red  Colour  as  in 
Day-light ;  and  if  at  the  Lens  you  intercept  the  green- 
making  and  blue-making  rays,  its  rednefs  will  become 
more  full  and  lively :  But  if  you  there  intercept  the  red- 
making  rays,  it  will  not  any  longer  appear  red,  but  be¬ 
come  yellow  or  green,  or  ol  lome  other  Colour,  accor¬ 
ding  to  the  forts  of  rays  which  you  do  not  intercept, 
So  Gold  in  this  Light  X  Y  appears  of  the  fame  yellow 
Colour  as  in  Day-light,  but  by  intercepting  at  the  Lens  a 
due  quantity  of  the  yellow-making  rays  it  will  appear 
white  like  Silver  (as  I  have  tryed)  which  fhews  that  its 
yellownels  arifes  from  the  excefs  of  the  intercepted  rays 
tinging  that  whitenefs  with  their  Colour  when  they  are 
let  pals.  So  the  infufion  of  Lignum  Nefhriticum  ( as  I 
have  alfo  tryed )  when  held  in  this  Beam  of  Light  XY, 
looks  blue  by  the  reflected  part  of  the  Light,  and  yellow 
by  the  tranfmitted  part  of  it,  as  when  ’tis  viewed  in  Day¬ 
light,  but  if  you  intercept  the  blue  at  the  Lens  the  infu¬ 
fion  will  lofe  its  reflected  blue  Colour,  whilft  its  tranf¬ 
mitted  red  remains  perfect  and  by  the  lots  of  lome  blue¬ 
making  rays  wherewith  it  was  allayed  becomes  morein- 
tenfe  and  full.  And,  on  the  contrary,  if  the  red  and  orange¬ 
making  rays  be  intercepted  at  Lens,  the  infufion  will 
lofe  its  tranfmitted  red,  whilft  its  blue  will  remain  and 
become  more  full  and  perfect.  Which  fhews,  that  the  in¬ 
fufion  does  not  tinge  the  fays  with  blue  and  yellow,  but 
only  tranfmit  thofe  mo  ft  copiouily  which  were  red-ma¬ 
king  before,  and  reflects  thofe  molt  copiouily  which  were 
blueunaking  before.  And  after  the  fame  manner  may  the 
reafons  of  other  Phenomena  be  examined,  by  trying 
them  in  this  artificial  Beam  of  Light  X  Y. 

THE 
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SECOND  BOOK 

O  F 


PART  I. 


06/ervations  concerning  the  Reflexions^  Reflations ,  and 
Colours  of  thin  tranjfarent  Bodies. 

IT  has  been  obferved  by  others  that  tranfparent 
Subftances,  as  Glafs,  Water,  Air,  1 2V.  when  made 
very  thin  by  being  blown  into  Bubbles,  or  otherwife 
formed  into  Plates,  do  exhibit  various  Colours  accor¬ 
ding  to  their  various  thinnefs,  although  at  a  greater 
thicknefs  they  appear  very  clear  and  colourlefs.  In 
the  former  Book  I  forbore  to  treat  of  thefe  Colours, 
becaufe  they  feemed  of  a  more  difficult  confederation, 
and  were  not  neceffary  for  eftabliihing  the  Properties 
of  Light  there  difcourfed  of.  But  becaufe  they  may 
conduce  to  further  difcoveries  for  completing  the 
Theory  of  Light,  efpecially  as  to  the  conftitution  of 
the  parts  of  natural  Bodies,  on  which  their  Colours  or  ' 
Tranfparency  depend  ;  1  have  here  let  down  an  ac¬ 
count  of  them.  To  render  this  Difcourfe  ihort  and 
diftina ,  I  have  firft  defer ibed  the  principal  of  my 
,  7  A  a  Obfer- 


Obfemtions,  and  then  confidered  and  made  ufe  0f 
them.  The  Obfemtions  are  thefe. 

O  B  S.  I. 

Comprefling  two  Prifms  hard  together  that  their 
Sides  (which  by  chance  were  a  very  little  convex)might 
fomewhere  touch  one  another :  I  found  the  place  in 
which  they  touched  to  become  absolutely  tranfparent, 
as  if  they  had  there  been  one  continued  piece  of  Glafs. 
For  when  the  Light  fell  fo  obliquely  on  the  Air,  which 
in  other  places  was  between  them, as  to  be  all  reflected ; 
it  Teemed  in  that  place  of  con  tact  to  be  wholly  tranf- 
mitted,  infomuch  that  when  looked  upon,  it  appeared 
like  a  black  or  dark  Spot,  by  reafon  that  little  or  no 
fenfible  Light  was  reflected  from  thence,  as  from  other 
places  j  and  when  looked  through  it  feemed  (as  it  were) 
a  hole  in  that  Air  which  was  formed  into  a  thin  Plate, 
by  being  compreded  between  the  Glades.  And  through 
this  hole  Objefts  that  were  beyond  might  be  feen  di- 
ftin&ly,  which  could  not  at  all  be  feen  through  other 
parts  of  the  Glades  where  the  Air  was  interjacent.  Ah 
though  the  Glades  were  a  little  convex,  yet  this  tranf- 
pareritSpotwas  of  a  confiderable  breadth, which  breadth 
fedmed  principally  to  proceed  from  the  yielding  inwards 
of  the  parts  of  the  Glades,  by  reafon  of  their  mutual 
jifedure.  For  by  pfeding  them  very  hard  together  it 
Would  become  much  broader  than  other  wife. 


OBS. 
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O  E  S.  II. 

When  the  Plate  of  Air,  by  turning  the  Prifms  about 
their  common  Axis,  became  fo  little  inclined  to  the  in¬ 
cident  Rays,  that  foine  of  them  began  to  be  transmit¬ 
ted,  there  arofe  in  it  many  {lender  Arcs  of  Colours 
which  at  firft  were  thaped  almoft  like  the  Conchoid, 
as  you  fee  them  delineated  in  the  firft  Figure.  And  i. 
by  continuing  the  motion  of  the  Prifms,  thele  Arcs  in- 
creafed  and  bended  more  and  more  about  the  faid  trans¬ 
parent  Spot,  till  they  were  completed  into  Circles  or 
Rings  incompaffing  it,  and  afterwards  continually  grew 
more  and  more  contracted. 

Thefe  Arcs  at  their  firft  appearance  were  of  a  violet 
and  blue  Colour,  and  between  them  were  white  Arcs 
of  Circles,  which  prefently  by  continuing  the  motion  of 
the  Prifms  became  a  little  tinged  in  their  inward  Limbs 
with  red  and  yellow,  and  to  their  outward  Limbs  the 
blue  was  adjacent.  So  that  the  order  of  thefe  Colours 
from  the  central  dark  Spot,  was  at  that  time  white, 
blue,  violet ;  black ;  red,  orange,  yellow,  white,  blue, 
violet,  i $c.  But  the  yellow  and  red  were  much  fainter 
than  the  blue  and  violet. 

The  motion  of  the  Prifms  about  their  Axis  being  con- 
tinued,  thefe  Colours  contracted  more  and  more, Shrink¬ 
ing  towards  the  whitenefs  on  either  fide  of  it,  until  they 
totally  vanifhed  into  it.  And  then  the  Circles  in  thole 
parts  appeared  black  and  white,  without  any  other  Co¬ 
lours  intermixed.  But  by  further  moving  the  Prifms 
about,  the  Colours  again  emerged  out  of  the  whitenefs, 
the  violet  and  blue  as  its  inward  Limb,  and  at  its  out- 

A  a  a  ward 


ward  Limb  the  red  and  yellow.  So  that  now  their  order 
from  the  central  Spot  was  white,  yellow,  red ;  black  • 
violet,  blue,  white,  yellow,  red,  1 be .  contrary  to  what 
it  was  before. 


OBS.  III. 

When  the  Rings  or  fome  parts  of  them  appeared  only 
black  and  white,  they  were  very  diftindt  and  well  de¬ 
fined,  and  the  backnefs  feemed  as  intenfe  as  that  of 
the  central  Spot.  Alfo  in  the  borders  of  the  Rings, 
where  the  Colours  began  to  emerge  out  of  the  white- 
nefs,  they  were  pretty  diftindt,  which  made  them  vr- 
fible  to  a  very  great  Multitude.  I  have  fometimes 
numbred  above  thirty  Succeffions  (  reckoning  every 
black  and  white  Ring  for  one  Succeffion )  and  feen 
more  of  them,,  which  by  reafon  of  their  fmalnefs  I  could 
not  number.  But  in  other  Pofitions  of  the  Prifms,  at 
which  the  Rings  appeared  of  many  Colours,  I  could  not 
diftinguilh  above  eight  or  nine  of  them,  and  the  exte¬ 
rior  of  thofe  were  very  confuted  and  dilute. 

In  thefe  two  Obfervations  to  fee  the  Rings  diftindt, 
and  without  any  other  Colour  than  black  and  white, I 
found  it  neceffary  to  hold  my  Eye  at  a  good  diftance 
from  them.  For  by' approaching  nearer,  although  in  the 
fame  inclination  of  my  Eye  to  the  plane  of  the  Rings, 
there  emerged  a  blueilh  Colour  out  of  the  white, 
which  by  dilating  it  felf  more  and  more  into  the  black 
rendred  the  Circles  lefs  diftindt,  and  left  the  white  a 
little  tinged  with  red  and  yellow.  I  found  alfo  by 
looking  through  a  flit  or  oblong  hole  ,  which  was 
narrower  than  the  Pupil  of  my  Eye,  and  held  dole  to 
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it  parallel  to  the  Prifms,  I  could  fee  the  Circles  much 
diftin&er  and  vifible  to  a  far  greater  number  than 
dtherwife. 

O  B  S.  I  V. 

To  obferve  more  nicely  by. the  order  of  the  Colours 
which  arofe  out  of  the  white  Circles  as  the  Rays  be¬ 
came  lefs  and  lefs  inclined  to  the  plate  of  Air;  1  took 
two  Objeft  Glafles,  the  one  a  P]ano-convex  for  a  four¬ 
teen-foot  Telefcope,  and  the- other  a  large  double  con¬ 
vex  for  one  of  about  fifty-foot;  and  upon  this-, laying  the 
other  with  its  its  plane-tide  downwards,  I  prefled  them 
flowly  together, to  make  the  Colours  fucceffively  emerge 
in  the  middle  of  the  Circles,  and  then  flowly  lifted 
the  upper  Glafs  from  the  lower  to  make  them  fuccef¬ 
fively  vanifh  again  in  the  fame  place.  The  Colour, 
which  by  preffing  the  Glafles  together  emerged  laft  in 
the  middle  of  the  other  Colours,  would  upon  its  firft 
appearance  look  like  a  Circle  of  a  Colour  almoft  uni¬ 
form  from  the  circumference  to  the  center ,  and  by 
comprefling  the  Glafles  ftill  more,  grow  continually 
broader  until  a  new  Colour  emerged  in  its  center,  and 
thereby  it  became  a  Ring  encompafling  that  new  Co¬ 
lour.  And  by  comprefling  the  Glafles  ftill  more,  the 
Diameter  of  this  Ring  would  encreafe,  and  the  breadth, 
of  its  Orbit  or  Perimeter  decreafe  until  another  new 
Colour  emerged  in  the  center  of  the  laft  :  And  fo  on. 
until  a  third,  a  fourth,  a  fifth,  and  other  following, 
new  Colours  fucceffively  emerged  there,  and  became 
Rings  encompafling  the  innermoft  Colour,  the  laft  of 
which  was  the  black  Spot.  And,  on  the  contrary,  by 

lifting 


lifting  up  the  upper  Glafs  from  the  lower,  the  diameter 
of  the  Rings  would  decreafe,  and  the  bieadth  of  their 
Orbit  encreafe,  until  their  Colours  reached  fucceffively 
to  the  center ;  and  then  they  being  of  a  confiderable 
breadth,  I  could  more  eafily  dlfcern  and  diftinguilh 
their  Species  than  before.  And  by  this  means  1  ®b- 
ferved  their  Succeffion  and  Quantity  to  be  as  fol- 
Joweth. 

Next,  to  the  pellucid  central  Spot  made  by  the  con- 
ta a  of  the  Glaffes  Succeeded  blue,  white,  yellow,  and 
red,  the  blue  was  fo  little  in  quantity  that  I  could  not 
difcern  it  in  the  circles  made  by  the  Prifms,  nor  could 
I  well  diftinguifh  any  violet  in  it,  but  the  yellow  and 
red  were  pretty  copious,  and  feemed  about  as  much 
in  extent  as  the  white ,  and  four  or  five  times  more 
than  the  blue.  The  next  Circuit  in  order  of  Colours 
immediately  encompaffing  thefe  were  violet,  blue, 
green,  yellow,  and  red,  and  thefe  were  all  of  them  co¬ 
pious  and  vivid,:  excepting  the  green,  which  was  very 
little  in  quantity,  and  feemed  much  more  faint  and 
dilute  than  the  other  Colours.  Of  the  other  four,  the 
violet  was  the  deaft  in  extent ,  and  the  blue  lefs  than 
the  yellow  or  red.  The  third  Circuit  or  Order  was 
purple,  blue,  green,  yellow,  and  red  ;  in  which  the 
purple  feemed  more  reddilh  than  the  violet  in  the 
former  Circuit,  and  the  green  was  much  more  confpi- 
cuous,  being  as  brifque  and  copious  as  any  of  the  other 
Colours,  except  the  yellow;  but  the  red  began  to  be 
a  little  faded,  inclining  very  much  to  purple.  After 
this  fucceededthe  fourth  Circuit  of  green  and  red.  The 
green  was  very  copious  and  lively,  inclining  on  the  one 
fide  to  blue,  and  on  the  other  fide  to  yellow.  Butin 
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this  fourth  Circuit  there  was  neither  violet,  blue,  nor 
yellow,  and  the  red  was  very  imperfect  and  dirty. 
Alfo  the  fucceeding  Colours  became  more  and  more  im¬ 
perfect  and  dilute,  till  after  three  or  four  Revolutions 
they  ended  in  perfect  whitenefs.  Their  Form,  when  the 
Glaffes  were  molt  comprcffed  fo  as  to  make  the  black 
Spot  appear  in  the  Center,  is  delineated  in  the  Second 
Figure  ;  where  ti,  <r,  d,  e.:f, »,  b,  z,  k  :  /,  wz, «,  0,  f :  y,  r :  Fig- 
j,  t :  x:y  denote  the  Colours  reck’ned  in  order  from 
the  center,  black,  blue,  white,  yellow,  red  :  violet, 
blue,  green,  yellow,  red  :  purple,  blue,  green,  yellow, 
red  :  green,  red :  greenifh  blue,  red  :  greenifh  blue, 
pale  red  :  greenifh  blue,  reddilh  white. 

O  B  S.  V. 

To  determine  the  interval  of  the  Glaffes,  or  thick - 
nefs  of  the  interjacent  Air,  by  which  each  Colour  was 
produced,  Tmeafured  the  Diameters  of  the  fir  ft  fix 
Rings  at  the  moft  lucid  part  of  their  Orbits,  and  fqua- 
ring  them,  I  found  their  Squares  to  be  in  the  Arith¬ 
metical  Progreffion  of  the  odd  Numbers,  1.3.5.7.9.11. 
And  fince  one  of  thele  Glaffes  was  Plain,  and  the  other 
Spherical,  their  Intervals  at  thofe  Rings  mutt  be  in  the 
fame  Progreffion.  I  meafured  alfo  the  Diameters  of 
the  dark  or  faint  Rings,  between  the  more  lucid  Co¬ 
lours,  and  found  their.  Squares  to  be  in  the  Arithme¬ 
tical  Progreffion  of  the  even  Numbers,  2. 4.6.  8. 10. 12. 

And  it  being  -very  nice  and  difficult  to  take  thefe  mea- 
fures  exactly  ;  I  repeated  them  at  divers  times  at  divers 
parts  of  the  Glaffes,  that  by  their  Agreement  I  might 
be  confirmed  in  them.  And  the  fame  Method  I  ufed  in 

deter- 


determining  Come  others  of  the  following  Obferva- 
tions. 


OBS.  V I. 

The  Diameter  of  the  fixth  Ring  at  the  mod  lucid 
part  of  its  Orbit  was  £  parts  of  an  Inch,  and  the  Dia¬ 
meter  of  the  Sphere  on  which  the  double  convex  Ob- 
jeCt-Glafs  was  ground  was  about  ion  Feet,  and  hence 
I  gathered  the  thicknefs  of  the  Air  or  Aereal  Interval 
of  the  Gkffes  at  that  Ring.  But  fome  time  after,  fuf- 
pedting  that  in  making  this  Obfervation  I  had  not  de¬ 
termined  the  Diameter  of  the  Sphere  with  fufficient  ac- 
curatenefs,  and  being  uncertain  whether  the  Plano¬ 
convex  Glafs  was  truly  plain,  and  not  fomething  con¬ 
cave  or  convex  on  that  fide  which  I  accounted  plain; 
and  whether  I  had  not  preffcd  the  Glaflfes  together,  as 

I  often  did,  to  make  them  touch,  (for  by  preffing  fuch 
Glaffes  together  their  parts  eafily  yield  inwards,  and 
the  Rings  thereby  become  fenfibly  broader  than  they 
would  be,  did  the  Glaffes  keep  their  Figures.)  I  re¬ 
peated  the  Experiment,  and  found  the  Diameter  of 
the  fixth  lucid  Ring  about  parts  of  an  Inch.  I  re¬ 
peated  the  Experiment  alfo  with  luch  an  ObjeCt-Glafs 
of  another  Telefcope  as  I  had  at  hand.  This  was  a  double 
convex,  ground  on  both  fides  to  one  and  the  fame 
Sphere,  and  its  Focus  was  diftant  from  it  83;  Inches. 
And  thence,  if  the  Sines  of  incidence  and  refraction  of 
the  bright  yellow  Light  be  affumed  in  proportion  as 

I I  to  1 7,  the  Diameter  of  the  Sphere  to  which  the 
Glafs  was  figured  will  by  computation  be  found  1 82  In¬ 
dies.  This  Glafs  I  laid  upon  a  fiat  one,  fo  that  the 

black 
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Mack  Spot  appeared  in  tire  middle  of  the  Rings  of  Colours 
without  any  other  preffure  than  that  of  the  weight  of 
the  Glafs.  And  now  meafuring  the  Diameter  of  the 
-fifth  dark  Circle  as  accurately  as  1  could,  I  found  it  the 
fifth  part  of  an  Inch  precifely.  This  meafure  was  taken 
with  the  points  of  a  pair  of  Compaffes  on  the  upper  fur- 
face  on  the  upper  Glafs,  and  my  Eye  was  about  eight 
or  nine  Inches  diftance  from  the  Glafs,  almoft  perpen¬ 
dicularly  over  it,  and  the  Glafs  was|-  of  an  Inch  thick, 
and  thence  it  is  ealy  to  collect  that  the  true  Diameter 
of  the  Ring  between  the  Glaffes  was  greater  than  its 
meafured  Diameter  above  the  Glaffes  in  the  proportion 
of  80  to  79  or  thereabouts,  and  by  confequence  equal 
to  ~  parts  of  an  Inch,  and  its  true  Semi-diameter  equal 
•  to  ~  parts.  Now  as  the  Diameter  of  the  Sphere  (182  In¬ 
ches)  is  to  the  Semi-diameter  of  this  fifth  dark  Ring 
(  ~  parts  of  an  Inch  )  fo  is  this  Semi-diameter  to  the 
thicknefs  of  the  Air  at  this  fifth  dark  Ring ;  which  is 
therefore  ^  or  l7^  parts  of  an  Inch,  and  tire  fifth, 
part  thereof ;  viz.  the  njj~th  part  of  an  Inch,  is  the 
thicknefs  of  the  Air  at  the  firft  of  thefe  dark  Rings. 

The  fame  Experiment  l  repeated  with  another  dou¬ 
ble  convex  Objedt-glafs  ground  on  both  fides  to  one  and 
the  fame  Sphere.  Its  Focus  was  diftant  from  it  168; 
Inches,  and  therefore  the  Diameter  of  that  Sphere  was 
184  Inches.  This  Glafs  being  laid  upon  the  fame 
plain  Glafs,  the  Diameter  of  the  fifth  of  the  dark 
Rings,  when  the  black  Spot  in  their  center  appeared 
plainly  without  preffing  the  Glaffes,  was  by  the  mea¬ 
fure  of  the  Compaffes  upon  the  upper  Glafs  ~l  parts 
of  an  Inch,  and  by  confequence  between  the  Glaffes'  it 
was  For  the  upper  Glafs  was  §  of  an  Inch  thick, 
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and  my  Eye  was  diftant  from  it  8  Inches.  And  a  third 
proportional  to  half  this  from  the _  Diameter  of  the 
Sphere  is  ^7o  parts  of  an  Inch.  This  is  therefore  the 
thicknefs  of  the  Air  at  this  Ring,  _ancl  a  fifth  part  there¬ 
of,  viz,  the  ^th  part  of  an  Inch  is  the  thicknefs  there¬ 
of  at  the  fir  ft  of  the  Rings  as  above. 


I  tryed  the  fame  thing  by  laying  thefe  Objedt-Glafles 
upon  fiat  pieces  of  a  broken  Looking-glats,  and  found 
the  lame  meafures  of  the  Rings  :  Which  makes  me 


rely  upon  them  till  they  can  be  determined  more  ac¬ 
curately  by  Glaffes  ground  to  larger  Spheres,  though 
in  fuch  Glaffes  greater  care  mull  be  taken  of  a  true 


plain. 

Thefe  Dimenfions  were  taken  when  my  Eye  was 
placed  alinoft  perpendicularly  over  the  Glaffes,  being 
about  an  Inch ,  or  an  Inch  and  a  quarter,  diftant  from 
the  incident  rays,  and  eight  Inches  diftant  from  the 
Glafs  ■  fo  that  the  rays  were  inclined  to  the  Glafs  in  an 
Angle  of  about  4  degrees.  Whence  by  the  following 
Observation  you  will  underftancl ,  that  had  the  rays 
been  perpendicular  to  the  Glaffes,  the  thicknefs  of  the 


Air  at  thefe  Rings  would  have  been  lefs  in  the  propor¬ 
tion  of  the  Radius  to  the  fecant  of  4  degrees,  that  is  of 
100.00..  Let  the  thickneffes  found  be  therefore  dimi- 


nifhed  in  this  proportion,  and  they  will  become  ^5  and 
tjaj,  or  (  to  ule  the  neareft  round  number)  the^th 
part  of  an  Inch.  This  is  the  thicknefs  of  the  Air  at  the. 
darkeft  part  of  the  firft  dark  Ring  made  by  perpendi¬ 
cular  rays,  and  half  this  thicknefs  multiplied  by  the 
progreffion,  1 ,3 ,5 ,7,5, 1  gives  the  thickneffes  of  the 

Air  at  the  moft  luminous  parts  of  all  the  brighteft 
Rings,  viz.  usk,.  their  arithmetical 


means 
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means  Jsfc .  being  its  thickneffes  at  the 

darkeft  parts  of  ail  the  dark  ones. 

O  B  S.  VII. 

The  Rings  were  leaft  when  my  Eye  was  placed,  per¬ 
pendicularly  over  the  Glades  in  the  Axis  of  the  Rings  : 
And  when  I  viewed  them  obliquely  they  became  big¬ 
ger,  continually  levelling  as  I  removed  my  Eye  further 
from  the  Axis.  And  partly  by  meafuring  the  Diameter 
of  the  lame  Circle  at  feveral  obliquities  of  my  Eye, 
partly  by  other  means,  as  alfo  by  making  ufe  of  the 
two  Fril'ms  for  very  great  obliquities.  1  found  its  Dia¬ 
meter,  and  confequently  the  thicknefs  of  the  Air  at  its 
perimeter  in  all  thofe  obliquities  to  be  very  nearly  in  the 
proportions  expreffed  in  this  Table. 
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In  the  two  firft  Columns  are  expreffed  the  obliquitie 
of  the  incident  and  emergent  rays  to  the  plate  of  th< 
Air,  that  is,  their  angles  of  incidence  and  refraction.  _  Ii 
the  third  Column  the  Diameter  of  any  coloured  Rinj 
at  thole-obliquities  is  expreffed  in  parts,  of  which  tei 
conftitute  that  Diameter  when  the  rays  are  perpendicu 
Jar.  And  in,  the  fourth  Column  the  thicknefs  of  the  Ail 
at  the  circumference  of  that  Ring  is  expreffed  in  parti 
of  which  allb  ten  conftitute  that  thicknefs  when  the  ray; 
are  perpendicular. 

And  from  thefe  meafures  I  feem  to  gather  this  Rule  ; 
That  the  thicknefs  of  the  Air  is  proportional  to  the  fe- 
cant  of  an  angle,  whofe  Sine  is  a  certain  mean  propor¬ 
tional  between-  the  Sines  of  incidence  and  relraCbion. 
And  that  mean  proportional,  fo  far  as  by  thefe  meafures 
I  can  determine  it,  is  the  tirft  of  an  hundred  and  fix 
arithmetical  mean  proportionals  between  thofe  Sines 
counted  from  the  Sine  of  refraction  when  the  refra¬ 
ction  is  made  out  of  the  Glafs  into  the  plate  of  Air,  or 
from  the  Sine  of  incidence  when  the  refraction  is 
made  out  of  the  plate  of  Air  into  the  Glafs. 

O  B  S.  VIII. 

The;  dark  Spot  in  the  middle  of  the  Rings  increafed 
alfo  by,  the  obliquation  of  the  Eye,  although  almoft  in- 
lenfibly.  But  if  infteacl  of  the  ObjeCt-Glaffes  thePrifms 
were  made  ufeof,  itsincreafe  was  more  man  ifeft  when 
viewed  fo  obliquely  that  no  Colours  appeared  about  it. 
It  was  leaft  w-lien  .the  rays  were  incident  molt  obliquely 
on  the.  interjacent  Air,  and  as  the  obliquity  decreafed 
it  increafed  more  and  niore  until  the  coloured  Rings,  ap¬ 
peared, 
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peared,  and  then  decreafed  again,  but  not  fo  much  as 
it  increa&d  before.  And  hence  it  is  evident,  that  the 
transparency  was  not  only  at  the  abfolute  contact  of  the 
Glaffes,  but  alfo  where  they  had  fome  little  interval. 
I  have  fometimes  obferved  the  Diameter  of  that  Spot  to 
be  between  half  and  two  fifth  parts  of  the  Diameter  of 
the  exterior  circumference  of  the  red  in  the  firft  cir¬ 
cuit  or  revolution  of  Colours  when  viewed  almoft  per¬ 
pendicularly  ;  whereas  when  viewed- obliquely  it  hath 
wholly  vanilhed  and  become  opake  and  white  like  the 
other  parts  of  the  Glafs  ;  whence  it  may  be  collected 
that  the  Glaffes  did  then  fcarcely,  or  not  at  all,  touch 
one  another,  and  that  their  interval  at  the  perimeter 
of  that  Spot  when  viewed  perpendicularly  was  about  a 
fifth  or  fixth  part  of  their  interval  at  the  circumference 
of  the  faid  red. 


0  B  S.  IX. 

By  looking  through  the  two  contiguous  Objedt- 
Glaffesi,  I  found  that  the  interjacent  Air  exhibited  Rings 
of  Colours,  as  well  by  tranfmitting  Light  as  by  reflect¬ 
ing,  it.  The  central  Spot  was  now  white,  and  from  it 
the  order  of  the  Colours  were  yellowifh  red ;  black  ■ 
violet,  blue,  white,  yellow,  red ;  violet,  blue,  green, 
yellow,  red,  teV.  But  thefe  Colours  were  very  faint 
and  dilute  unlefs  when  the  Light  was  trajedted  very 
obliquely  through  the  Glaffes :  For  by  that  means  they 
became  pretty  vivid.  Only  the  firft  yellowifh  red,  like 
thes  blue  in  the  fourth  Obfervation,  was  fo  little  and 
faint.:  as  fcarcely  to;  be  difcerned.  Comparing  the  co- 
lourediRings  made  by  reflexion',  withAhefei  made  by 

tram- 
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tranfrniffion  of  the  Light ;  I  found  that  white  was  op. 
polite  to  black,  red  to  blue,  yellow  to  violet,  and  green 
to  a  compound  of  red  and  violet.  That  is,  thofe  parts 
of  the  Glafs  were  black  when  looked  through,  which 
when  looked  upon  appeared  white  ,  and  on  the  con¬ 
trary.  And  lb  thofe  which  in  one  cafe  exhibited  blue 
did  in  the  other  cafe  exhibit  red.  And  the  like  of  the 
pi'j,  3.  other  Colours.  The  manner  you  have  reprefented  in 
the  third  Figure,  where  A B,  CD,  are  the  furfacesof 
the  Glafles  contiguous  at  E,  and  the  black  lines  be¬ 
tween  them  are  their  diftances  in  arithmetical  progref- 
tion,  and  the  Colours  written  above  are  feen  by  re¬ 
flected  Light,  and  thofe  below  by  Light  tranfmitted. 

O  B  S.  X. 


Wetting  the  ObjeT- Glafles  a  little  at  their  edges, 
the  water  crept  in  flowly  between  them,  and  the  Cir¬ 
cles  thereby  became  lefs  and  the  Colours  more  faint: 
Infomuch  that  as  the  water  crept  along  one  half  of 
them  at  which  it  firft  arrived  would  appear  broken  off 
from  the  other  half,  and  contrasted  into  a  lefs  room. 
By  meafuring  them  1  found  the  proportions  of  their 
Diameters  to  the  Diameters  of  the  like  Circles  made  by 
Air  to  be  about  leven  to  eight,  and  conlequently  the  in¬ 
tervals  of  the  Glafles  at  like  Circles,  caufed  by  thofe 
two  mediums  Water  and  Air, are  as  about  three  to  four. 
Perhaps  it  may  be  a  general  Rule,  That  if  any  other 
medium  more  or  lefs  denfe  than  water  be  compreffed 
between  the  Glafles,  their  intervals  at  the  Rings  caufed 
thereby  will  be  to  their  intervals  cauled  by  interjacent 

Air, 
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Air,  as  the  Sines  are  which  meafure  the  refradtion  made 
out  of  that  medium  into  Air. 

O  B  S.  XL 

When  the  water  was  between  the  Glafles,  if  I  pref- 
fed  the  upper  Gluts  varioully  at  its  edges  to  make  the 
Rings  move  nimbly  from  one  place  to  another,  a  little 
white  Spot  would  immediately  follow  the  center  of. 
them,  which  upon  creeping  in  of  the  ambient  water 
into  that  place  would  prefcntly  vanilh.  Its  appearance 
was  fuch  as  interjacent  Air  would  have  eauled,  and  it 
exhibited  the  fame  Colours.  But  it  was  not  Air,  for 
where  any  bubbles  of  Air  were  in  the  water  they  would 
not  vanilh.  The  reflexion  muff  have  rather  been  eauled. 
by  a  llibtiler  medium,  which  could  recede  through  the. 
Glafles  at  the  creeping  in  of  the  water. 

o  b  s.  xir. 

Thefe  Obfervations  were  made  in  the  open  Air.  Butt 
further  to  exam  in  the  effects  of  coloured  Light  falling 
on  the  Glafles,  I  darkened  the  Room,  and  viewed  them 
by  reflexion  of  the  Colours  of  a  Prilm  call  on  a  Sheet 
ot  white  Paper,  my  Kye  being  fo  placed  that  I  could 
fee  the  coloured  Paper  by  reflexion  in  the  Glafles,  as 
b  a  Looking-gluis.  And  by  this  means  the  Rings  be¬ 
came  diflinder  and  vifible  to  a  far  greater  number  than, 
in  the  open  Air.  1  have  ionic  times  icon  more  than, 
twenty  of  them,  whereas  in  the  open  Air  I  could  not 
difeern  above  eight  or  nine. 


O  BS- 
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Appointing  an  affillant  to  move  the  Prifm  to  and 
fro  about  its  Axis,  that  all  the  Colours  might  fuccef- 
fively  tall  on  that  part  of  the  Paper  which  I  faw  by 
reflexion  from  that  part  of  the  Glafles,  where  the  Cir¬ 
cles  appeared,  fo  that  all  the  Colours  might  be  fuccef- 
lively  reflected  from  the  Circles  to  my  Eye  whilft  I  held 
it  immovable,  I  found  the  Circles  which  the  red  Light 
made  to  be  manifeftly  bigger  than  thofe  which  were 
made  by  the  blue  and  violet.  And  it  was  very  plea- 
fant  to  fee  them  gradually  fwell  or  contract  according 
as  the  Colour  of  the  Light  was  changed.  The  inter¬ 
val  of  the  Glafles  at  any  of  the  Rings  when  they  were 
made  by  the  utmoft  red  Light,  was  to  their  interval  at 
die  fame  Ring  when  made  bythe  utmoft  violet,  greater 
than  as  3  to  a, and  lefs  than  as  1  3  to  8, by  the  moft  of  my 
Obfervations  it  w'as  as  14  to  9.  And  this  proportion 
feemed  very  nearly  the  lame  in  all  obliquities  of  my 
Eye ;  unlefs  when  two  Prifms  were  made  ufe  of  inftead 
of  the  Objed-Glafles.  For  then  at  a  certain  great 
obliquity  of  my  Eye,  the  Rings  made  by  the  feveral 
Colours  feemed  equal,  and  at  a  greater  obliquity  thofe 
made  by  the  violet  would  be  greater  than  the  fame 
Rings  made  by  the  red.  The  refraction  of  the  Prifm 
in  this  cafe  carding  the  moft  refrangible  rays  to  fall 
more  obliquely  on  that  plate  of  the  Air  than  the  leaft 
refrangible  ones.  Thus  the  Experiment  fucceeded  in 
the  coloured  Light,  which  was  lufficiently  ftrong  and 
copious  to  make  the  Rings  lenfible.  And  thence  it 
may  be  gathered,  that  if  the  moft  refrangible  and  leaft 

refran- 
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refrangible  rays  had  been  copious  enough  to  make  the 
Rings  fenfible  without  the  mixture  of  other  rays,  the 
proportion  which  here  was  1 4  to  9  would  have  been  a 
little  greater,  fuppofe  14 ;  or  14  !;to  9. 

O  B  S.  XIV. 

Whilft  the  Prifm  was  turn’d  about  its  Axis  with  an 
uniform  motion,  to  make  all  the  leveral  Colours  fall 
fuccefEvely  upon  the  ObjeCt  -G  lades ,  and  thereby  to 
make  the  Rings  contrail  and  dilate  :  The  contraction 
or  dilation  of  each  Ring  thus  made  by  the  variation  of 
its  Colour  v^as  fwifteft  in  the  red,  and  do  weft  in  the 
violet,  and  in  the  intermediate  Colours  it  had  inter¬ 
mediate  degrees  of  celerity.  Comparing  the  quantity 
of  contraction  and  dilation  made  by  all  the  degrees  of 
each  Colour,  I  found  that  it  was  greateft  in  the  red  ; 
lefs  in  the  yellow,  ftill  lefs  in  the  blue,  and  leaft  in  the 
violet.  And  to  make  as  juft  an  eftimation  as  1  could  of  the. 
proportions  of  their  contractions  or  dilations,  1  obferved 
that  the  whole  contraction  or  dilation  of  the  Diameter 
of  any  Ring  made  by  all  the  degrees  of  red,  was  to  that 
of  the  Diameter  of  the  fame  Ring  made  by  all  the  de¬ 
grees  of  violet,  as  about  four  to  three,  or  five  to  four,  and 
that  when  the  Light  was  of  the  middle  Colour  between, 
yellow  and  green,  the  Diameter  of  the  Ring  was  very 
nearly  an  arithmetical  mean  between  the  greateft  Dia¬ 
meter  of  the  fame  Ring  made  by  the  outmoft  red.,  and 
the  leaft  Diameter  thereof  made  by  the  outmoft  violet : 
Contrary  to  what  happens  in  the  Colours  of  the  oblong 
SpeCtrum  made  by  the  refraCtjon  of  a  Prifm,  where  the 
red  ismoft  contracted  ,  the  violet  molt  expanded,  and 
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in  the  midft  of  all  the  Colours  is  the  confine  of  green 
and  blue.  And  hence  1  feein  to  colled  that  the  thick- 
nefl.es  of  the  Air  between  the  Glaffes  there,  where  the 
Ring  is  fucceflively  made  by  the  limits  of  the  five  prin¬ 
cipal  Colours  (red,  yellow,  green,  blue,  violet)  in  order 
( that  is,  by  the  extreme  red,  by  the  limit  of  red  and 
yellow  in  the  middle  of  the  orange,  by  the  limit  of 
yellow  and  green,  by  the  limit  of  green  and  blue,  by 
the  limit  of  blue  and  violet  in  the  middle  of  the  in¬ 
digo,  and  by  the  extreme  violet  )  are  to  one  another 
very  nearly  as  the  fix  lengths  of  a  Chord  which  found 
the  notes  in  a  fixth  Major,  foly  la ,  miy  /«,  foly  la.  But 
it  agrees  fomething  better  with  the  Obl'ervation  to  fay, 
that  the  thkkncffes  of  the  Air  between  the  Glaffes  there, 
where  the  Rings  are  fucceflively  made  by  the  limits  of 
thefeven  Colours,  red,  orange,  yellow,  green,  blue,  in¬ 
digo,  violet  in  order,  are  to  one  another  as  the  Cube- 
roots  of  the  Squares  of  the  eight  lengths  pf  a  Chords 
which  found  the  notes  in  an  eighth ,  Joly  lay  far  foly  lay 
m-y  f&y  j'ol ;  that  is,  as  the  Cube-roots  of  the  Square! 
of  the  Numbers,  "  . 

DBS.  XV. 

Thefe  Rings  were  not  of  various  Colours  like  thofe 
made  in  the  open  Air.,  but  appeared  all  over>o£  that 
prifmatique  Colour  only  with  which  they  were.illu- 
minated.  And  by  projecting  the  priikatique  Colours 
immediately  upon  the  Glaffes,  I  found  that  the  Light 
which  foil-  on  the  dark  Spaces  which  were  between* 
the  coloured  Rings ,  was  tranfmitted  through  the 
Glaffes  without  any  variation,  of  Colour.  For  on.  a 
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white  Paper  placed  behind,  it  would  paint  Rings  oi: 
the  lame  Colour  with  thofe  which  were  reflected,  and 
of  the  bignefs  of  their  immediate  Spaces.  And  from 
thence  the  origin  of  thefe  Rings  is  manifelf ;  namely. 
That  the  Air  between;  the  Glaffes,  according  to  its  va¬ 
rious  thick  nefs,  is  difpofed  in  tome  places  to  relied!, 
and  in  others  to  trani'mit  the  Light  of  any  one  Co¬ 
lour  (as  you  may  fee  reprelen ted  in  the  fourth  Figure. )  pig. 
and  in  the  fame  place  to  refledt  that  of  one  Colour 
where  ittranlmits  that  of  another. 

O  R  S.  X  V 1. 1 


The  Squares  of  the  Diameters  of  thefe  Rings  made 
by  any  prilinatique  Colour  were  in  arithmetical  pro- 
greffion  as  in  the  fifth  Obfervation.  And  the  Diameter 
of  the  fixth  Circle,  when:  made  by  the  citrine  yellow, 
and  viewed  aim  oft  perpendicularly,  was  about  f~  parts 
of  an  Inch,  or  a  little  lefs,  agreeable  to  the  fixth  Ob- 
fervation. 


...•  The  .precedent  Obfervations  were  made  with  a  rarer 
thin  medium,  terminated  by  a  denier,  fuchas  was  Air 
®r  Water  comprefled  between  two  Glaffes.  In  thofe 
that  follow  are  fet  down  the  appearances  of  a  deafer 
medium  think!  within  a  rarer,  fuch  as- are  plates  of 
feufcovy-glafs,  Bubbles  of  Water,  and  fame  other  thin 
"  on  all  tides  with  Air. 


O  B  S.  XVII. 


If  a  Bubble  be  blown  with  Water  fir  ft  made  tenacious 
by  diffolving  a  little  Soap  in  it,  ’tis  a  common  Obfer- 
vation,  that  after  a  while  it  will  appear  tinged  with  a 
great  variety  of  Colours.  To  defend  thele  Bubbles 
from  being  agitated  by  the  external  Air  (whereby  their 
Colours  are  irregularly  moved  one  among  another,  fo- 
that  no  accurate  Obfervation  can  be  made  of  them,)  as 
foon  as  1  had  blown  any  of  them  I  covered  it  with  a 
clear  Glafs,.  and  by  that  means  its  Colours  emerged  in 
a  very  regular  order,  like  fo  many  concentrick  Rings 
ineompamng  the  top  of  the  Bubble.  And  as  the 
Bubble  grew  thinner  by  the  continual  fubliding  of  the 
Water,  thefe  Rings  dilated  (lowly  and  over-fpread  the 
whole  Bubble,  defcending  in  order  to  the  bottom  of  it, 
where  they  vaniftied  fucceffively.  In  the  mean  while, 
after  alt  the  Colours  were  emerged  at  the  top,  there 
grew  in  the  Center  of  the  Rings  a  fmall  round  black 
Spot,  like  that  in  the  firft  Obfervation,  which  conti¬ 
nually  dilated  it  felf  till  it  became  fometimes  more  than 
l  or  ~  of  an  Inch  in  breadth  before  the  Bubble  broke. 
At  firft  I  thought  there  had  been  no  Light  reflected  from 
the  Water  in  that  place,  but  obferving  it  more  cu- 
rioufly,  I  law  within  it  feveral  fmaller  round  Spots, 
which  appeared  much  blacker  and  darker  than  the  reft, 
whereby  1  knew  that  there  was  feme  reflexion  at  the 
other  places  which  were  not  fo  dark  as  thole  Spots. 
And  by  further  tryal  1  fouud  that  1  could  fee  the  Images 
of  fome  things  ( as  of  a.  Candle  or  the  Sun  )  very  faint¬ 
ly  reflected,  not  only  from  the  great  black  Spot,  but 
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alfo  from  the  little  darker  Spots  which  were  with¬ 
in  it. 

Befides  the  aforefaid  coloured  Rings  there  would 
often  appear  fmall  Spots  of  Colours,  afcending  and  de¬ 
fending  up  and  down  the  fides  of  the  Bubble,  byreafon 
of  fome  inequalities  in  the  fubfiding  of  the  Water. 
And  fometimes  final!  black  Spots  generated  at  the  fidfs 
would  afcend  up  to  the  larger  black  Spot  at  the  top  of 
the  Bubble,  and  unite  with  it. 

O  B  S.  XVIIL 

Becaufe  the  Colours  of  thefe  Bubbles  were  more  ex¬ 
tended  and  lively  than  tho.fe  of.  the  Air.  thin’d  between 
two  Glafles,  ana  fo  more  eafy  to  to  diftinguilhed,  I 
Ihall  here  give  you  a  further  delcriprion  of  their  order,, 
as  they  were  obferved  in  viewing  them  by  reflexion  of 
the  Skies  when  of  a  white  Colour,  whilft  a  black  Sub- 
ftancewas  placed,  behind  the  Bubble.  And  they  were, 
thefe,  red,  blue;  red,  blue ;  red,  blue ;  red,  green;, 
red,  yellow,  green,  blue;  purple ;  red,  yellow,  green, 
blue,  violet red,  yellow,  white,  blue,  black.. 

The  three  firft  Succeflions  of  red  and  blue,  were  very 
dilute  and  dirty ,  efpecially  the  firft ,  where  the  red 
feerned  in  a  manner  to  be  white.  Among  thefe.  there 
was  fear ce  any  other  Colour  fenfible  befides  red  and 
blue,  only  the  blues.  (  and  principally  the  fecond  blue, ) 
inclined  a  little  to  green* 

The  fourth  red  was  alfo  dilute  and  dirty,  but  not 
fo  much  as  the  former  three ;  after  that  fucceeded  little: 
or  no  yellow,  but  a  copious  green,  which  at  firft  incli¬ 
ned  a  little  to  yellow,  and  then  became  a  pretty  brifque 
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and  good  willow  green,  and  afterwards  changed  to  a 
Wyilh  Colour;  but  there  fucceeded  neither  blue  noc 

violet.  ....  . 

The  fifth  red  at  firft  inclined  very  much  to  purple, 
and  afterwards  became  more  bright  and  brifque,  but 
yet  not  very  pure.  This  was  fucceeded  with  a  very 
bright  and  intenfe  yellow ,  which  was  but  little  in 
quantity,  and  loon  changed  to  green  :  But  that  green 
was  copious  and  fomething  more  pure,  deep  and  lively, 
than  the  former  green.  After  that  followed  an  excel¬ 
lent  blue  of  a  bright  sky-colour,  and  then  a  purple, 
which  was  lei's  in  quantity  than  the  blue,  and  much 
inclined  to  red. 

The  fixth  Red  was  at  firft  of  a  very  fair  and  lively 
Scarlet,  and  foon  after  of  a  brighter  Colour ,  being 
very  pure  and  brifque ,  and  the  beft  of  all  the 
reds.  Then  after  a  lively  orange  followed  an  intenfe 
bright  and  copious  yellow,  which  was  alfo  the  heft 
of  all  the  yellows,  and  this  changed  firft  to  a  greenilh 
yellow,  and  then  to  a  greenilh  blue ;  but  the  green 
between  the  yellow  and  the  blue,  was  very  little  and 
dilute,  teeming  rather  a  greenilh  white  than  a  green. 
The  blue  which  fucceeded  became  very  good,  and  of  a 
very  fair  bright  sky-colour,  but  yet  fomething  inferior 
to  the  former  blue ;  and  the  violet  was-  intenfe  and 
deep  with  little  or  no  rednefs  in  it.  And  lefs  in  quan¬ 
tity  than  the  blue. 

In  the  laft  red  appeared  a  tindfure  of  fcarlet  next 
to  violet,  which  loon  changed  to  a  brighter  Colour, 
inclining  to  an  orange ;  and  the  yellow  which  followed 
was  at  firft  pretty  good  and  lively,  but  afterwards  it 
grew  more  dilute,  until  by  degrees  it  ended,  impeded: 

white- 


[2?] 

whitenefs.  And  this  whitenefs,  if  the  Water  was  very 
tenacious  and  well-tempered,  would  flowly  lpread  and 
dilate  it  felf  over  the  greater  part  of  the  Bubble]  con¬ 
tinually  growing  paler  at  the  top,  where  at  length  it 
would  crack  in  many  places,  and  thole  cracks,  as  they 
dilated,  would  appear  of  a  pretty  good,  but  yet  obfcure 
and  dark  sky-colour;  the  white  between  the  blue  Spots 
diminilhing,  until  it  refembled  the  threds  of  an  irre¬ 
gular  Net-work,  and  foon  after  vanifhed  and  left  all 
the  upper  part  of  the  Bubble  of  the  laid  dark  blue 
Colour.  And  this  Colour,  after  the  aforefaid  manner, 
dilated  it  felf  downwards  ,  until  fometimes  it  hath 
overlpread  the  whole  Bubble.  In  the  mean  while  at 
the  top,  which  was  of  a  darker  blue  than  the  bottom, 
and  appeared  alfo  full  of  many  round  blue  Spots,  fom®- 
thing  darker  than  the  reft ,  there  would  emerge  one 
or  more  very  black  Spots,  and  within  thofe  other  Spots 
of  an  intenfer  blacknefs,  which  I  mentioned  in  the 
former  Obfervation  ;  and  thefe  continually  dilated 
themfelves  until  the  Bubble  broke. 

If  the  Water  was.  not  very  tenacious  the  black  Spots 
would  break  forth  in  the  white,  without  any  fenlible 
intervention  of  the  blue.  And  fometimes  they  would 
break  forth  within  the  precedent  yellow ,  or  red,  or 
perhaps  within  the  blue  of  the  fecond  order,  before 
the  intermediate  Colours  had  time  to  difplay.  them¬ 
felves. 

By  this  defcription  you  may  perceive  how  great  ail 
affinity  thefe  Colours  have  with  thofe  of  Air  defcri- 
bed  in  the  fourth  Obfervation,  although  fet  down  in 
a  contrary  order,  by  reafon  that,  they  begin  to  appear 
when,  the  Bubble  is  tbiekeft  ,  and  are  meft  conve¬ 
niently 


meiitly  reckoned  from  the  lowed  and  duckeft  part  of 
the  Bubble  upwards. 

O  B  S.  XIX. 

Viewing  in  feveral  oblique  portions  of  my  Eye 
the  Rings  of  Colours  emerging  on  the  top  of  the  Bubble, 
I  found  that  they  were  fenfibly  dilated  by  increafog 
the  obliquity ,  but  yet  not  fo  much  by  fir  as  thofe 
made  by  thin’d  Air  in  the  ieventh  Obfervation.  For 
there  they  were  dilated  fo  much  as,  wlien  viewed 
moll  obliquely,  to  arrive  at  a  part  of  the  plate  more 
than  twelve  times  thicker  than  that  where  they  ap¬ 
peared  when  viewed  perpendicularly ;  whereas  in  this 
cafe  the  thicknefs  of  the  Water,  at  which  they  arrived 
when  viewed  molt  obliquely,  was  to  that  thicknefs 
which  exhibited  them  by  .perpendicular  rays,  fome- 
thing  lefs  than  as  8  to  5.  By  the  bed  of  my  Oblervations 
it  was  between  15  and  1 5  j  to  10,  an  increafe  about 
24  times  lefs  than  in  the  other  cafe. 

Sometimes  the  Bubble  would  become  of  an  uniform 
thicknefs  all  over’,  except  at  the  top  of  it  near  the  black 
Spot,  as  I  knew,  becaufe  it  would  exhibit  the  fame 
appearance  of  Colours  in  all  politions  of  the  Eye.  And 
then  the  Colours  which  were  feen  at  its  apparent  cir¬ 
cumference  by  the  obliqued  rays,  would  be  different 
from  thofe  that  were  feen  in  other  places,  by  rays  lefs 
oblique  to  it.  And  divers  Spectators  might  fee  the 
lame  part  of  it  of  differing  Colours,  by  viewing  it  at 
very  differing  obliquities.  Now  obferving  how  much 
the  Colours  at  the  fame  places  of  the  Bubble,  or  at  di¬ 
vers  places  of  equal  thicknefs,  were  varied  by  the 
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•  feverai  obliquities  of  the  rays  ;  by  the  affiftance  of  the 
4th,  1 4-th,  r  6th  and  1 8th  Obfervations,  as  they  are 
hereafter.explained,  I  colleft  the  thicknefs  of  the  Water 
requifite  to  exhibit  any  one  and  the  fame  Colour,  at  fe¬ 
verai  obliquities ,  to  be  very  nearly  in  the  proportion 
expreffed  in  this  Table. 


Incidence  on 
the  Water, 

Ref  raff  ion  in¬ 
to  the  Water . 

Thicknefs  of 
the  Water . . 

deg. 

min. 

deg. 

min. 

OO 

OO 

OO 

OO 

10 
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OO 
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OO 
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45 

OO 

3a 

a 

60 

OO 

40 

3° 

*3 

75 

OO 

46 

35 
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90 

OO 

48 

35 
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In  the  two  firft  Columns  are  expreffed  the  obliqui¬ 
ties  of  the  rays  to  the  fuperficies  of  the  Water,  that 
is,  their  Angles  of  incidence  and  refr action.  Where 
I  fuppofe  that  the  Sines  which  meafure  them  are  in 
round  numbers  as  3  to  4,  though  probably  the  diffo- 
lution  of  Soap  in  the  Water,  may  a  little  alter  its 
refractive  Vertue.  In  the  third  Column  the  thicknefs 
of  the  Bubble,  at  which  any  one  Colour  is  exhibited 
in  thofe  feverai  obliquities,  is  expreft  in  parts, of  which 
ten  conftitute  that  thicknefs  when  the  rays  are  perpen¬ 
dicular. 

I  have  fometimes  obferved,  that  the  Colours  which 
arife  on  polilhed  Steel  by  heating  it,  or  on  Bell-metal, 
and  fome  other  metalline  fubftances,  when  melted  and 


poured  oil  the  ground ,  where  they  may  cool  m  the 
Open  Air,  have,  like  the  Colours  of  Water-bubbles 
been  a  little  changed  by  viewing  them  at  divots  ob¬ 
liquities,  and  particularly  that  a  deep  blue,  or  violet 
When  viewed  very  obliquely,  hath  been  changed  to  a 
deep  red.  But  the  changes  of  tilde  Colours  are*  not  lb 
great  and  fen  fib  le  as  of  thole  made  by  Water.  For  the 
Scoria  or  vitrified  part  of  the  Metal,  which  mod  Me¬ 
tals  when  heated  or  melted  do  continually  protrude 
and  fend  out  to  their  furface,  and  which  by  covering 
the  Metals  in  form  of  a  thin  g  la  fly  skin,  caules  the! 
Colours,  is  much  denier  than  Water  ;  and  1  find  that 
the  change  made  by  the  obHquation  of  the  Eye  is  lealt 
in  Colours  of  the  denied  thin  lubftances. 

O  B  S.  X  X. 

As  in  the  ninth  Obfervation,  lb  here,  the  Bubble,  by 
tranfinitted  Light,  appeared  of  a  contrary  Golour  to 
that  which  it  exhibited  by  reflexion.  Thus  when  the 
Bubble  being  looked  on  by  the  Light  of  the  Clouds  re- 
fledted  from  it,  feemed  red  at  its  apparent  circumfe- 
teivce,  if  the  Clouds  at  the  fame  time,  or  immediately 
after,  were  Viewed  through  it,  the  Colour  at  its  dr- 
'cumftrence  would  be  blue.  And,  on  the  contrary, 
When  by  reflected  Light  it  appeared,  blue,  it  would  ap¬ 
pear  red  by  traldmitted  J  fight. 

0  B  S-  X  X  L 

By  Wetting  very  thin  plates  of  Mufcovy-glals^whofe 
thiimefs  made  the  like  Colours  appear,  the  Colours 
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became  more  faint  and  languid;  efpecially  by  wetting 
the  plates  on  that  fide  oppolite  to  the  Eye :  But  I  could 
not  perceive  any  variation  of  their  fpecies.  So  then 
the  thicknefs  of  a  plate  requilite  to  produce  any  Co¬ 
lour,  depends  only  on  the  denhty  of  the  plate,  and 
not  on  that  of  the  ambient  medium :  And  hence,  by  the 
ioth  and  16th  Obfervations,  may  be  known  the  thick¬ 
nefs  which  Bubbles  of  Water,  or  Plates  of  Mufcovy- 
glafs,  or  other  fubftances,  have  at  any  Colour  pro- 
duped  by  them. 

O  B  §.  XXII. 


A  thin  tranfparent  Body,  which  is  denier  than  its 
ambient  medium,  exhibits  more  brifque  and  vivid  Co¬ 
lours  than  that  which  is  fo  much  rarer ;  as  I  have 
particularly  obferved  in  the  Air  and  Glafs.  For  blow¬ 
ing  Glafs  very  thin  at  a  Lamp-furnace,  thofe  plates 
incompaffed  with  Air  did  exhibit  Colours  nmk 
more  vivid  than  thofe  of  Air  made  thin  between  two 


OB  S.  XXIII. 

Comparing  the  quantity  of  Light  sefle.&ed  from  -jfeye 
fev.eral  Rings,  I  found  that  it  was  mod  copious  from 
the  firft  or  inmoft ,  and  in  the  .exterior  Bings  be¬ 
came  gradually  lefs  and  lef§.  Alfo  the  whitenefs  of 
the  firft  Ring  was  ftronger  than  that  relieved  from 
thofe  parts  of  the  thinner  medium  which  were  with? 
out  the  Rings;  as  I  could  manifeftly  perceive  by  view? 
mg  ' at  a  diftance  the  Rings-  made  by  the  twoObjetb 
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Glaffes;  or  by  comparing  two  Bubbles  of  Water  blown 
at  diftant  times,  in  the  firft  of  which  the  whitenefs 
appeared,  which  fucceeded  all  the  Colours,  and  in, 
the  other,  the  whitenefs  which  preceded  them  all.  . 

O  B  S.  XXIV. 

When  the  two  ObjeCt-Glades  were  lay’d  upon  one 
another,  fo  as  to  make  the  Rings  of  the  Colours  ap¬ 
pear,  though  with  my  naked  Eye  1  could  not  difcern: 
above  8  or  9  of  thofe  Rings,  yet  by  viewing  them, 
through  a  Prifm  I  have  feen  a  far  greater  multitude, 
infomuch  that  I  could  number  more  than  forty,  befides 
many  others,  that  were  fo  very  fraall  and  clofe  toge¬ 
ther,  that  I  could  not  keep  my  Eye  fteddy  on  them 
feverally  fo  as  to  number  them,  but  by  their  extent  I  have 
fometimes  eftimated  them  to  be  more  than  a  hundred. 
And  I  believe  the  Experiment  may  be  improved  to  the 
difcovery  of  far  greater  numbers.  For  they  feem  to, 
be  really  unlimited,  though  vifible  only  fo  far  as  they 
can  be  feparated  by  the  refraction,  as  1  (hall  hereafter 
explain. 

But  it  was  but  one  fide  of  thefe  Rings,  namely,  that 
towards  which  the  refraCtion  was  made,  which  by-  that 
refraCtion  was  rendered  diftinCt,  and  the  other  fide  be¬ 
came  more  confufed  than  when  viewed  by  the  naked 
Eye,  infomuch  that  there  I  could  not  difcern  above 
one  or  two,  and  fometimes  none  of.  thole  Rings  ,  of 
which  I  could  difcern  eight  or  nine  with  my  naked 
.Eye.  And  their  Segments  or  Arcs,  which  ,  on;  the 
other  fide  appeared  1b  numerous,  for  the  moft  part 
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exceeded  not  the  third  part  of  a  Circle.  If  the  Re¬ 
fraction  was  very,  great,  or  the  Prifm  very  diftant  from 
the  ObjeCt-daffes,  the  middle  part  of  thofe  Arcs  be¬ 
came  alfo  confuted,  fo  as  to  difappear  and  conftitute  an 
even  whitenefs,  whilft  on  either  fide  their  ends,  as  alfo 
the  whole  Arcs  furtheft  from  the  center,  became  di- 
ftinCter  than  before,  appearing  in  the  form  as  you  fee. 
them  defigned  in  the  fifth  Figure.  Fig.  5.. 

The  Arcs,  where  they  feemed  diftinCteft,  were  only 
white  and  black  fuccefiively,  without  any  other  Co¬ 
lours  intermixed.  But  in  other  places  there  appeared- 
Colours,  whofe  order  was  inverted  by  the  refraction 
in  fuch  manner,  that  if  I  firft  held  the  Prifm  very  near 
the  ObjeCt-GlafFes ,  and  then  gradually  removed  it- 
further  off  towards  my  Eye,  the  Colours  of  the  ad, 

3d,  4th,  and.  following  Rings  lhrunk  towards  the  white 
that  emerged  between  them ,  until  they  wholly  va- 
nifhed  into  it  at  the  middle  of  the  Arcs,  and  after¬ 
wards  emerged  again  in  a  contrary  order.  But  at 
the  ends  of  the  Arcs  they  retained  their  order  un¬ 
changed. 

I  have  fometimes  fo  lay’d  one  ObjeCt-Glafs  upon 
the  other,  that  to  the  naked  Eye  they  have  all  over 
feeined  uniformly  white,  without  the  leaft  appearance 
of.  any  of  the  coloured  Rings  ;  and  yet  by  viewing 
them  through  a.  Prifm,  great  multitudes  of  thofe  Rings 
Have  difcovered  themfelves.  And  in  like  manner  plates 
of  Mufcovy-glafs,  and:  Bubbles  of  Glafs  blown  at  a 
Lamp-furnace,  which  were  not  lo  thin  as  to  exhibit 
any  Colours  to  the  naked  Eye,  have  through  the  Prifm 
exhibited  a  great  variety  of  them  ranged  irregu¬ 
larly  up  and  down  in  the  form  of  waves.  AndTo 


Bubbles  of  Water,  before  they  began  to  exhibit  their 
Colours  to  the  naked  Eye  of  a  By-ftander,  have  ap. 
peared  through  a  Prifnt,  girded  about  with  many  pL 
rallel  and  horizontal  Rings ;  to  produce  which  effeft 
it  was  neceffary  to  hold  the  Prifm  parallel,  or  very 
nearly  parallel  to  the  Horizon,  and  to  difpofe  it  f0 
that  the  rays  might  be  refracted  upwards. 


THE 


SECOND 


O  P  T  I 


PART  II. 


Remarks  upon  the  foregoing  Obfervations* 

"Aving  given  my  Obfervations  of  thefe  Colours,, 

,  before  I  make  ufe  of  them  to  unfold  the  Cattles, 
the  Colours  of  natural  Bodies,  it  is  convenient  that 
fey  the  fimpleft  of  them,  fuch  as  are  the  ad,  3d,  4th, 

9th,  lath,  1 8th,  doth,  and  54th ,  I  firft  explain  the- 
more  expounded.  And  firft  to  fhew  how  the  Colours, 
in  the  fourth  and  eighteenth  Obfervations  are  produ- 
'  be  taken  in  any  right  line  from  the  point 

'  Y  A,  Y  B,  Y  C,  Y  D,  Y  E,  Y  F,  Y  G,  Fig .  5 
:k m  to  one  another,  as  the  Cube-roots 
lares  of  tire  numbers,  fe  1,  where- 

hs  of  a  muEcal  Chord  to  found  all  the  Notes  - 

;  that  is,  in  the  proper- 


h  are  re 


mof  the  1 


A,  B,  C,  D„ 
E,  F, 


E  F  G,  H,  let  perpendiculars  Aa,  B£,i2c.  beere&ed, 
by  whole  intervals  the  extent  of  the  feveral  Colours 
fet  underneath  againft  them,  is  to  bereprefented.  Then 
divide  the  line  A“  in  fuch  proportion  as  the  numbers 
i,  a,  3,  5, 6,  7, 9,  io,  1 1,  l£fr.  fet  at  the  points  of  divi. 
fion  denote.  And  through  thofe  divilions  from  Y 
draw  lines  i  I,  ^  K,  3  L,  5  M,  6  N,  7  O,  bV. 

Now  if  A  2  be  luppofed  to  reprefent  the  thicknefs 
of  any  thin  transparent  Body ,  at  which  the  outmoft 
violet  is  moft  copioufly  reflected  in  the  firft  Ring,  01 
Series  of  Colours,  then  by  the  13  th  Obfervation  HK, 
will  reprefent  its  thicknels,  at  which  the  utmoftred 
is  molt  copioufly  refle&ed  in  the  fame  Series.  Alfo 
by  the  5  th  and  1 6th  Obfervations,  A  6  and  HNwill 
denote  the  thickneffes  at  which  thofe  extreme  Colours 
are  moft  copioufly  refle&ed  in  the  fecond  Series,  and 
A  10  and  H  Q  the  thickneffes,  at  which  they  are 
moft  copioufly  reflected  in  the  third  Series,  and  fo  on. 
And  the  thicknefs  at  which  any  of  the  intermediate 
Colours  are  reflected  moft  copioufly,  will,  according  to 
the  14.-th  Obfervation,  be  detined  by  the  diftance  of  the 
line  A  H  from  the  intermediate  parts  of  the  lines  0,  K, 
6N,  10  Q,  bV.  againft  which  the  names  of  thofe  Co¬ 
lours  are  written  below. 

But  furthei",  to  define  the  latitude  of  thefe  Colours  in 
each  Ring  or  Series,  let  A  1  delign  the  leaft  thicknefs, 
and  A  3  the  greateft  thicknefs,  at  which  the  extreme 
violet  in  the  firft  Series  is  reflected,  and  let  H  I,  and 
H  L,  defign  the  like  limits  for  the  extreme  red,  and 
let  the  intermediate  Colours  be  limited  by  the  inter¬ 
mediate  parts  of  the  lines  1 1,  and  3  L,  againft  which 
the  names  of  thofe  Colours  are  written,  and  fo  on :  But 


yet  with  this  caution,  that  the  reflexions  he  fuppofed 
ftrongeft  at  the  intermediate  Spaces,  iK,  6N,  ioQ,^. 
and  from  thence  to  decreafe  gradually  towards  thefe  li¬ 
mits,  1 1,  5  L,  5  M,  7O,  Iftc.  on  either  fide;  where 
you  muft  not  conceive  them  to  be  precifely  limited, 
but  to  decay  indefinitely.  And  whereas  I  have  aligned 
the  fame  latitude  to  every  Series,  I  did  it,  becaufe  al¬ 
though  the  Colours  in  the  firft  Series  feem  to  be  a  little 
broader  than  the  reft,  by  reafon  of  a  ftronger  reflexion 
there,  yet  that  inequality  is  fo  infenfible  as  fcarcely  to 
be  determined  by  Obfervation. 

Now  according  to  this  defeription,  conceiving  that 
the  rays  originally  of  feveral  Colours  are  by  turns  re¬ 
flected  at  the  Spaces  1 1  L  3,  5  M  O  7,  9  P  R  1 1 ,  If ic. 
and  tranfmitted  at  the  Spaces  AHIi,^LM5,70P9‘ 
fcr.  it  is  eafy  to  know  what  Colour  muft  in  the  open  Air 
be  exhibited  at  any  thicknefs  of  a  tranfparent  thin  body. 
For  if  a  Ruler  be  applied  parallel  to  AH,  at  that  di- 
ftance  from  it  by  which  the  thicknefs  of  the  body  is 
reprefented,  the  alternate  Spaces  1 1 L  3,  5  M  O  7 ,l3V. 
which  it  croffeth  will  denote  the  reflected  original  Co¬ 
lours,  of  which  the  Colour  exhibited  in  the  open  Air 
is  compounded.  Thus  if  the  conftitution  of  the  green 
in  the  third  Series  of  Colours  be  defired,  apply  the 
Ruler  as  you  fee  at  *  e  -  and  by  its  palling  through 
fome  of  the  blue  at*  and  yellow  at*,  as  well  as  through 
the  green  at.  you  may  conclude  that  the  {preen  exhi-- 
bited  at  that  thicknefs  of  the  body  is  principally  con- 
ftituted  of  original  green,  but  not  without  a  mixture 
of  fome  blue  and  yellow.  y 


By  this  means  you  may  know  how  the  Colours  fr0111 
the  center  of  the  Rings  outward  ought  to  fucceed  in 
order  as  they  were  defcribed  in  the  4th  and  i8thOb- 
fervations.  For  if  you  move  the  Ruler  gradually  .from 
AH, through  all  diftances,  having  paft  over  the  firft 
fpace  which  denotes  little  or  no  reflexion  to  be  made 
by  thinned  fubftances,  it  will  firft  arrive  at  1  the  violet 
and  then  very  quickly  at  the  blue  '  and  green,  which 
together  with  that  violet  compound  blue,  and  then  at 
the  yellow  and  red  ,  by  whofe  further  addition  that 
blue  is  converted  into  whitenefs,  which  whitenefs  con¬ 
tinues  during  the  tranfit  of  the  edge  of  the  Ruler  from 
I  to  3,  ,and  after  that  by  the  fucceffive  deficience  of 
its' component  Colours,  turtas  firft  to  compound  yellow, 
and  then  to  red,  arid  la  ft  of  all  the  red  ceafeth  at  L. 
Then  begin  the  Colours  of  the  fecond  Series,  which 
fucceed  in  order  during  the  tranfit  of  the  edge  of  the 
Ruler  frorii- 5  to  O,  arid  are  more  lively  than  before 
becaufe  more  expanded  and  fevered.  And  for  the 
fame  reafon,  inftead  of  the  former  white  there  inter¬ 
cedes  between  the  blue  and  yellow  a  mixture  of  orange, 
yellow,  green,  blue  arid  iridico,  all  which  together  ©light 
to  exhibit  a  dilute  and  imperfect  green.  So  the  Co¬ 
lours  of  the  third  Series  all  fucceed  in  order  ;  firft,  the 
violet,  Which  a  little  interferes  with  the  red  of  the  fe- 
copd  order,  and  is  thereby  inclined  to  a  reddifh  purple; 
theft  the  blue  and  green,  Which  are  dels  mixed  with 
other  Colours,  and  confequently  more  lively  than  be¬ 
fore,  efpecially  the  green :  Then  follows  the  yellow, 
fomeof  which  towards  the  green  is  diftinct  and  good,  but 
that  part  of  it  towards  the  fucceeding  red,  as  alfo  that 
fed  is  mixed  with  the  violet  and  blue  of  the  fourth  Se* 


wJiereljy^Marip^S: degrees, ',pf  red  yery  much  incli¬ 
ning  to  purple  are  compounded.  This  violet  and  blue, 
wbkfr  Ihould  fuccepd  this  red,  being  mixed  with,  and 
hidden-  in  it,  there  fpcceeds  a  green.  ,  And  this  at  firft 
is  milch  inclined  to  blue ,  but  food  becomes  a  good 

g-een  ,  the  Only  .unmixed  and  lively  Colour  in  this 
tilth  Series.  For  as  it  verges  towards  the  yellow,  it 
begins  to  interfere  with  the  Colours  of  the  fifth  Series, 
by  whofemixturp the  iucceeding  yellow  and  red  are 
very  much  diluted  and  made  dirty  ,  especially- the  yel¬ 
low,  which  being  the  weaker  Colour  is  fcarce  able  to 
ihew.it  felf.  After  this  the  feveral  Series  interfere  more 
and .  more,  and  their  Colours  become  more  and  more 
intermixed,  till  after  three  or  four  more  revolutions 
(in  which  the  red  and  blue  predominate  by  turns) 
all  forts  of  Colours  are  in  all  places  pretty  equally  ben¬ 
ded,  and  compound  an  even  whitenefs. 
i  -  And  fince  by  the  i  yth  Obfervation  the  rays  indued 
jyithv one  Colour  are  tranfmitted,  where  thole  of  ano¬ 
ther  Colour  are  reflected,  the  reafon  of  the  Colours 
niade  by  the  tranfmitted  Light  in  the  9th  and.aoth  Ob- 
f^WatiQns:is:ffom  hence; -evident;^  ;  'q  cA:t 

■  f'lf  nbt  oijly  the  order  and  fpecies  of  thefe  Colours, 
hpt  alio  the  precife  thicknefs  of  the  plate,  or  thin  body 
at;  which  they  are  exhibited,  be  defir ed  in  parts  of  an 
Inch,  that  may  be  alfo  obtained  by 'afliftance  of  the  6th 
or  1 6th  Oblervations.  For  according  to  thofe  Obferva- 
tioris  the  thicknefs  of  the  thinned  Air,  which  between 
two  Glades  exhibited  the  moft  luminous  parts  of  the 

firft  fix  Rings  were  r^,  nsfe,  1,5355,  fyssss  Pafts 
an  Inch.  Suppofe  the  Light  reflected  moft  copiouily 
at  thefe  thickneffes  be  the  bright  citrine  yellow,  or  con- 

Ff  a  fine 


fine  of  yellow  and  orange,  and  thefe  thicknefles  will 
be Gju,  Gv,  G?,  Go,  Gl.  And  this  being  known,  it  is. 
eafy  to  determine  what  thicknefs  of  Air  is  reprefented 
by  G?,  or  by  any  other  diftance  of  the  ruler  from 
AH. 

But  further,  fincebythe  iothObfervation  the  thick¬ 
nefs  of  Air  was  to  the  thicknefs  of  Water,  which  be¬ 
tween  the  fame  Glaffes  exhibited  the  fame  Colour,  as 
4  to  3,  and  by  the  aith  Obfervation  the  Colours  of 
thin  bodies  are  not  varied  by  varying  the  ambient  me¬ 
dium  ;  the  thicknefs  of  a  Bubble  of  Water,  exhibiting 
any  Colour,  will  be  \  of  the  thicknefs  of  Air  producing 
the  fame  Colour.  And  fo  according  to  the  fame  i  oth 
and  dith  Obfervations  the  thicknefs  of  a  plate  of 
Glafs,  whofe  refra&ion  of  the  mean  refrangible  ray,  is 
meafured  by  the  proportion  of  the  Sines  31  to  20, 
may  be  of  the  thicknefs  of  Air  producing  the  fame 
Colours  -  and  the  like  of  other  mediums.  I  do  not 
affirm,  that  this  proportion  of  20  to  31,  holds  in  all 
the  rays ;  for  the  Sines  of  other  forts  of  rays  have  other 
proportions.  But  the  differences  of  thofe  proportions 
are  fo  little  that  I  do  not  here  confider  them-.  On 
thefe  Grounds  I  have  competed  the  following  Table, 
wherein  the  thicknefs  of  Air,  Water,  and  Glafs,  at 
which  each  Colour  is  moft  intenfe  and  fpecifick,  is  ex- 
preffed1  in  parts  of  an  Inch  divided  into  Ten  hundred 
thoufand  ec[ual- parts., 


5F *he  thicknefs  of  coloured  ^Plates  and  T articles  of 


--ft— 


Their  Colours  of  the^ 
firft  Order,. 


€>f  the  fecond  Order, 


fVery  Black 
Black 

Beginning  of 
Black 
Blue 
.White 
Yellow 
Orange 
ARed 

f  Violet 
Indico 
Blue 
Green. 
i  Yellow 
Orange 
Bright  Red 
.  ^Scarlet 


■r 


Air.  Water.  Glafs • 


Indico 
j  Blue 

©f  the  third  Order,  Green 

Yellow 
■Red 

^Bluifh  Red 
(Bluifli  Green 

Of  tbe  fourth  Order,  erMn 

c  Red 

„  ,  nr.  „  _  ,  S-Greenilli  Blue. 
Of  the  fifth  Order,  XRed 

Of  the  fixth  Order,  ^US 
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4 
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it 
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9a 

lot 

lit 

*3 

14$ 

7! 

8fx 

'S» 

lot 
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21 
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25f 
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A  wTO 

27? 
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29 
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24 
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34 

25t 

22 

351 

20* 

22+ 

36 
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4°3 

3°! 

26 

46 

34» 

39?' 

52i 
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34 _ 
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4*1"  j 

44 

38. 

65 

4&J 

42.  _ 

71 

53+ 

45f 

IzZ_ 

57+. 

:  49? . 

. \T  _ 

Now  if  this  Table  be  compared  with  the  6th  Scheme 
V0U  will  there  fee  the  cbnllitution  of  each  Colour,  as 
to  its  Ingredients,  or  the  original  Colours  of  which  it 
is  compounded,  and  thence  be  enabled  to  judge  of*  its 
intenfenefs  or  irnperfeftion  ‘  which  may  Tuffi.ce  in  ex¬ 
plication  of  the  4th  and  1 8th  Obfervations,  unlefs  it 
be  further  defired  to  delineate  the  manner  how  the  Co¬ 
lours  appear,  when  the  two  Object-dalles  are  luy’d 
upon  one  another.  To  do  which,  let  there  be  de- 
lcribed  a  large  Arc  of  a  Circle,  and  a  freight  Line 
which  may  touch  that  Arc,  and  parallel  to  that  Tan¬ 
gent  leveral  occult  Lines,  at  fuch  diftances  from  it,  as 
the  numbers  fet  againft  the  feveral  Colours  in  the  Table 
denote.  For  the  Arc,  and  its  Tangent,  will  reprefent 
the  fuperficies  of  the  Glafles  terminating  the  interjacent 
Air;  and  the  places  where  the  occult  Lines  cut  the 
Arc  will  (how  at  what  diftances  from  the  Center,  or 
Point  of  contact,  each  Colour  is  reflected. 

There  are  alio  other  ufes  of  this  Table  :  For  by  its 
affiftance  the  thicknefs  of  the  Bubble  in  the  1 9th  Ob- 
fervation  was  determined  by  the  Colours  which  it  ex¬ 
hibited.  And  fo  the  bignefs  of  the  parts  of  natural 
Bodies  may  be  conjectured  by  their  Colours,  as  fliall  be 
hereafter  the  wn.  Alfo,  if  two  or  more  very  thin  plates 
be  lay’d  one  upon  another,  fo  as  to  compofe  one  plate 
equalling  them  all  in  thicknefs,  the  refulting  Colour 
may  be  hereby  determined.  For  inftance,  Mr.  Hook  in 
his  Mi [crogr afhia  obferves,  that  a  faint  yellow  plate  of 
Mufcovy-glafs  lay’d  upon  a  blue  one,  conftitutea  a  very 
deep  purple.  The  yellow  of  the  fir  ft  Order  is  a  faint 
one,  and  the  thicknefs  of  the  plate  exhibiting  it,  ac¬ 
cording  to  the  Table  is  4f,,  to  which  add  9,  the  thick- 


nefs  exhibiting  blue  of  the  fecond  Order,  and  the  fum 
will  be  13’,  which  is  the  thicknefs  exhibiting  the 
purple  of  the  third  Order. 

To  explain,  in  the  next  place,  the  Circumttaijces  of 
the  ad  and  3d  Obfervations  ;  that  is,  how  the  Rings  of 
the  Colours  may  (  by  turning  the  Prifms  about  their 
common  Axis  the  contrary  way  to  that  exprefled  in 
thofe  Obfervations)  be  converted  into  white  and  black 
Rings,  and.  afterwards  into  Rings  of  Colours  again,  the 
Colours  of  each  Ring  lying  now  in  an  inverted  order;  it 
muft  be  remembred,  that  thofe  Rings  of  Colours  are  di¬ 
lated  by  the  obliquation  of  the  rays  to  the  Air  which 
intercedes  the  Glades,  and  that  according  to  the  Table 
in  the  7th  Obfervation,  their  dilatation  or  increafe  of 
their  Diameter  is  inoft  manifeft  and  fpeedy  when  they 
are  obliqueft.  Now  the  rays  of  yellow  being  more  re¬ 
fracted  by  the  fir  ft  fuper-hcies  of  thefaid  Air  than  thofe 
of  red,  are  thereby  made  more  oblique  to  the  fecond  fu- 
perficies,  at  which  they  are  reflected  to  produce  the  co¬ 
loured  Rings,  and  confequently  the  yellow  Circle  in  each 
Ring  will  be  more  dilated  than  the  red;  and  the  excefs  of 
its  dilatation  will  be  fo  much  the  greater,  by  how  much 
the  greater  is  the  obliquity  of  the  rays,  until  at  laft  it  be¬ 
come  of  equal  extent  with  the  red  of  the  fame  Ring.  And 
for  the  fame  reafon  the  green, blue  and  violet,  will  be  alio 
fo  much  dilated  by  the  ftill  greater  obliquity  of  their 
rays,  as  to  become  all  very  nearly  of  equal  extent  with 
the  red,  that  is,  equally  diftant  from  the  center  of  the 
Rings.  And  then  all  the  Colours  of  the  fame  Ring 
.  muft  be  coincident,  and  by  their  mixture  exhibit  a 
white  Ring.  And  thefe  white  Rings  muft  have  black 
aiid  daisk  Rings  between  them,  becaufe  they  do  not 

fpread 
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Rings  which  when  viewed  at  a  diftance  appear  diftinft, 
fhould  not  only  become  confufed  by  viewing  them  near 
at  hand  ,  but  alfo  yield  a  violet  Colour  at  both  the 
edges  of  every  white  Ring.  And  the  reafon  is,  that  the 
rays  which  enter  the  Eye  at  feveral  parts  of  the  Pupil, 
have  feveral  obliquities  to  the  GlalTes,  and  thole  which 
are  moll  oblique,  if  confidered  apart,  would  reprefent 
the  Rings  bigger  than  thofe  which  are  the  leaft  oblique. 
Whence  the  breadth  of  the  perimeter  of  every  white 
Ring  is  expanded  outwards  by  the  obliqueft  rays, 
and  inwards  by  the  leaft  oblique.  And  this  expanfion 
is  fo  much  the  greater  by  how  much  the  greater  is  the 
difference  of  the  obliquity  ;  that  is,  by  how  much  the 
Pupil  is  wider,  or  the  Eye  nearer  to  the  Glaffes.  And 
the  breadth  of  the  violet  muft  be  moft  expanded,  be- 
caufe  the  rays  apt  to  excite  a  fenfation  of  that  Colour 
are  moft  oblique  to  a  fecond,  or  further  fuperficies  of 
the  thin’d  Air  at  which  they  are  reflected,  and  have 
alfo  the  greateft  variation  of  obliquity ,  which  makes 
that  Colour  fooneft  emerge  out  of  the  edges  of  the 
white.  And  as  the  breadth  of  every  Ring  is  thus  aug¬ 
mented,  the  dark  intervals  muft  be  diminilhed,  until 
the  neighbouring  Rings  become  continuous,  and  are 
blended,  the  exterior  firft,  and  then  thofe  nearer  the 
Center,  fo  that  they  can  no  longer  be  diftinguifh’d 
apart ,  but  feem  to  conftitute  an  even  and  uniform 
whitenefs. 

Among  ^11  the  Obfervations  there  is  none  accompa¬ 
nied  with  fo  odd  circumftances  as  the  qqth..  Of  thofe 
the  principal  are,  that  in  thin  plates,  which  to  the 
naked  Eye  feem  of  an  even  and  uniform  tranfparent 
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whitenefs,  without  any  terminations  of  fhadows,  the 
refraction  of  a  Priirn  fliould  make  Rings  of  Colours  ap¬ 
pear,  whereas  it  ul'nally  makes  ObjeCts  appear  coloured 
only  there  where  they  are  terminated  with  Oiadows,  or 
have  parts  unequally  luminous;  and  that  it  Ihould  make 
thofe  Rings  exceedingly  diftinCt  and  white,  although 
it  ufually  renders  ObjeCts  confuted  and  coloured.  The 
caufe  of  thele  things  you  will  underhand  by  coil  fid  ering, 
that  all  the  Rings  of  Colours  are  really  in  the  plate, 
when  viewed  with  the  naked  Kye,  although  by  realon  . 
of  the  great  breadth  of  their  circumferences  they  fo 
much  interfere  and  ar.e  blended  together, that  they  ieem 
to  conftitute  an  even  whitenels.  But  when  the  rays 
pals  through  the  Prilin  to  the  Eye,  the  orbits  of  the 
feveral  Colours  in  every  Ring  are  refraCted,  fome  more 
than  others,  according  to  their  degrees  of  reffangibilky : 
By  which  means  the  Colours  on  one  fide  of  the  Ring 
(that  is  on  one  fide  of  its  Center)  become  more  unfolded 
and  dilated,  and  thofe  on  the  other  fide  more  compli¬ 
cated  and  contracted.  And  where  by  a  due  refraCtion 
they  are  fo  much  contracted,  that  the  fevral  Rings  be¬ 
come  narrower  than  to  interfere  with  one  another,  they 
muft  appear  diftinCt,  and  alfo  white,  if  the  conftituent 
Colours  be  fo  much  contracted  as  to  be  wholly  coincident. 
But,  on  the  other  fide,  where  the  orbit  of  every  Ring 
is  made  broader  by  the  further  unfolding  of  its  Co¬ 
lours,  it  mult  interfere  more  with  other  Rings  than 
before,  and  fo  become  lefs  diftinCt. 

To  explain  this  a  little  further,  fuppofe  the  concen- 
trick  Circles  A  V,  and  BX,  reprefent  the  red  and  violet5 
of  any  order,  which,  together  with  the  intermediate 
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Colours,  confhtute  any  one  of  thefe  Rings.  Now  thefe 
being  viewed  through  a  Prifm,  the  violet  Circle  B  X, 
will'' by  a  greater  refradion  be  further  tranllated  from 
its  place  than  the  red  A  V,  and  fo  approach  nearer  to 
it  on  that  fide,  towards  which  the  retra&ions  are  made. 
For  inftance,  if  the  red  be  tranllated  to  av,  the  violet 
may  be  tranllated  to  b  x,  fo  as  to  approach  nearer  to  it 
at  x  than  before,  and  if  the  red  be  further  tranllated 
to  av,  the  violet  may  be  fo  much  further  tranllated  to 
bx  as  to  convene  with  it  at  x,  and  if  the  red  be  yet 
further  tranllated  to  «■ T,  the  violet  may  be  Hill  fo  much 
further  tranllated  to  £  I  as  to  pafs  beyond  it  at  ?,  and 
convene  with  it  at  e  and  /.  And  this  being  underload 
not  only  of  the  red  and  violet,  but  of  all  the  other  in¬ 
termediate  Colours,  and  alfo  of  every  revolution  of 
thofe  Colours,  you  will  eafily  perceive  how  thofe  of  the 
fame  revolution  or  order,  by  their  nearnefs  at  xv  and 
T  and  their  coincidence  at  xv,  e  and/,  ought  to  com 
ftitute  pretty  diftin£t  Arcs  of  Circles,  efpecially  at  xv, 
or  at  e  and/,  and  that  they  will  appear  feverally  at 
xi?,  and  at  x  v  exhibit  whitenels  by  their  coincidence, 

.  and  again  appear  feveral  at  T  I, .  but  yet  in  a  contrary 
Order  to  that  which  they  had  before,  and  ftill  retain 
beyond  e  and  f.  But ,  on  the  other  fide,  at  aJ,  a  b, 
Of  *  thefe  Colours  mull  become  much  more  confu- 
fed  by  being  dilated  and  fpread  fo,  as  to  interfere  with 
thofe  of  other  Orders.  And  the  fame  eonfufiori  will 
happen  at  t  %  between  e  and/,  if  the  refraction  be  very 
great,  or  the  Prifm  very  dillant  from  the  Object-Glades : 
fa  which  cafe  no  parts  of  the  Rings  will  be  ieen,  lave 
itffa  two  little  Arcs  at  e  and  /,  whofe  diftance  from  one 
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another  will  be  augmented  by  removing  the  Prifm 
ftill  further  from  the  Objeft-Glaffes :  And  thefe  little 
Arcs  muft  be  diftin&eft  and  whiteft  at  their  middle,  and 
at  their  ends,  where  they  begin  to  grow  confufed  they 
muft  be  coloured.  Ana  the  Colours  at  one  end  of 
every  Arc  muft  be  in  a  contrary  order  to  thofe  at  the 
other  end,  by  reafon  that  they  crofs  in  the  interme¬ 
diate  white  3  namely  their  ends,  which  verge  towards 
r  ?,  will  be  red  and  yellow  on  that  fide  next  the  Cen¬ 
ter,  and  blue  and  violet  on  the  other  fide.  But  their 
other  ends  which  verge  from  T  ?  will  on  the  contrary 
be  blue  and  violet  on  that  fide  towards  the  Center,  and 
on  the  other  fide  red  and  yellow. 

Now  as  all  thefe  things  follow  from  the  Properties 
of  Light  by  a  mathematical  way  of  reafoning,  lb  the 
truth  of  them  may  be  manifefted  by  Experiments.  For 
in  a  dark  room,  by  viewing  thefe  Rings  through  a- 
Prifin,  by  reflexion  of  the  feveral  prifmatique  Colours, 
which  an  affiftant  caufes  to  move  to  and  fro  upon  a 
Wall  or  Paper  from  whence  they  are  reflected,  whilft 
the  Spectator’s  Eye,  the  Prifm  and  the  ObjeCt-Glafles 
{  as  in  the  13th  Obfervation)  are  placed  fteddy  :  the 
pofition  of  the  Circles  made  fuceeffively  by  the  feveral 
Colours,  will  be  found  fuch,  in  refpeCt  of  one  another, 
as  1  have  defcribed  in  the  Figures  ahxv^  or  abxv, 
or  And  by  the  fame  method  the  truth  of 

the  Explications  of  other  Obfervations  may  be  exa¬ 
mined. 

By  what  hath  been  faid  the  like  Phaenomina.  of 
Water,  and  thin  plates  of  Glafs  may  be  underftood. 
But  in  fmall  fragments  of  thole  plates,  there  is  this 
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further  obfervable,  that  where  they  lye  flat  upon  a 
Table  and  are  turned  about  their  Centers  whilft  they  are 
viewed  through  a  Prifm ,  they  will  in  fome  poftures- 
exhibit  waves  of  various  Colours,  and  fome  of  them  ex¬ 
hibit  thefe  waves  in  one  or  two  pofitions  only,  but  the 
moft  of  them  do  in  all  pofitions  exhibit  them,  and  make 
them  for  the  moft  part  appear  almoft  all  over  the  plates. 
The  reafon  is,  that  the  fuperficies  of  fuch  plates  are  not 
even,  but  have  many  cavities  and  fwellings,  which  how 
(hallow  foever  do  a  little  vary  the  thicknefs  of  the 
plate.  Format  the  feveral  fides  of  thofe  cavities,  for 
the  real'ons  newly  defer ibed,  there  ought  to  be  produ¬ 
ced  waves  in  feveral  poftures  of  the  Prilm;  Nowthouglr 
it  be  but  fome  very  fmall,  and  narrower  parts  of  the* 
Glafs,  by  which  thefe  waves  for  the  mod-part  are  cau-: 
led,  yet  they  may  feem  to  extend  themlelves  over  the 
whole, Glafs,  becaufe  from  the  narrowed:  of  thofe  parts’ 
there  are  Colours  of  feveral  Orders  that  is  of  feveral 
Rings,  confufedly  refieded,  which-  by  refradion  of  the 
Prifm  are  unfolded,  leparated,  and  according  to  their 
degrees  of  refradion,  difperfed  to  feveral  places,  for  as  to 
conftitute  fo  many  feveral  waves,  as  there  were  divers- 
orders  of  Colours  promifcuoufly  refleded  from  that 
part  of  the  Glafs. 

.  Thefe  are  the  principal  Phenomena  of  thin  Platen 
or  Bubbles,  whole  explications  depend*  on  the  pro¬ 
perties  of  Light,  which  I  have  heretofore  delivered. 
And  thefe  you  fee  do  necdfarily  follow  from  them,  and 
agree  with  them,  even  to  their  very  lead  circumdances; 
and  not  only  fo,  but  do  very  much  tend  to  their  proof. 
Thus,  by  the  24th  Obfervatiofl,  it  appears,  that  the 
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•rays  of  feveral  Colours  made  as  well  by  thin  Plates  or 
Bubbles,  as  by  refractions  of  a  Prifm,  have  feveral  de¬ 
grees  of  refrangibility,  whereby  thofe  of  each  order, 
which  at  their  reflexion  from  the  Plate  or  Bubble  are 
intermixed  with  thofe  of  other  orders,  are  feparated 
from  them  by  reflation,  and  aflociated  together  fo  as  to 
become  vifible  by  themfelves  like  Arcs  of  Circles.  For 
if  the  rays  were  all  alike  refrangible,  ’tis  impoffible  that 
the  whitenefs,  which  to  the  naked  fence  appears  uni¬ 
form,  fhould  by  refraction  have,  its  parts  tranlpofed  and 
ranged  into  thofe  black  and  white  Arcs. 

It  appears  alfo  that  the  unequal  refractions  of  dif- 
form  rays  proceed  not  from  any  contingent  irregulari¬ 
ties  ;  fuch  as  are  veins,  an  uneven  polilh,  or  fortuitous 
pofition  of  the  pores  of  Glafs ;  unequal  and  calual  mo¬ 
tions  in  the  Air  or  iEther ;  the  fpreading,  breaking,  or 
dividing  the  fame  ray  into  many  diverging  parts,  or 
the  like.  For,  admitting  any  fuch  irregularities,  it  would 
be  impoffible  for  refractions  to  render  thofe  Rings  fo 
very  diftinct,  and  well  defined ,  as  they  do  in  the 
24th  Obfervation.  It  is  neceflary  therefore  that  eve¬ 
ry  ray  have  its  proper  and  conftant  degree  of  refran¬ 
gibility  connate  with  it, according  to  which  its  refraction 
is  ever  juftly  and  regularly  performed,  and  that  feve¬ 
ral  rays  have  feveral  of  thofe  degrees. 

And  what  is  faid  of  their  refrangibility  may  be  alfo 
underltood  of  their  reflexibility,  that  is  of  their  difpo- 
fitions  to  be  reflected  fome  at  a  greater,  and  others  at  a 
lefs  thicknefs,  of  thin  Plates  or  Bubbles,  namely,  that 
thofe  difpofitions  are  alfo  connate  with  the  rays,  and 
immutable;  as  may  appear  by  the  13th,  14th,  and 


1 5th  Obfervations  compared  with  the  fourth  and 

eighth. 

By  the  precedent  Obfervations  it  appears  alfo,  that 
whitenefs  is  a  diflimilar  mixture  of  all  Colours,  and  that 
Light  is  a  mixture  of  rays  indued  with  all  thofe  Co¬ 
lours.  For  confidering  the  multitude  of  the  Rings  of 
Colours,  in  the  3d,  1  ath  and  24th  Obfervations,  it  is- 
inanifeft  that  although  in  the  4th  and  1 8th  Obferva¬ 
tions  there  appear  no  move  than  eight  or  nine  of  thole 
Rings,  yet  there  are  realty -a  for  greater  number,  which, 
lb  much  interfere  and  mingle  with  one  another,  as  after 
thole  eight  or  nine  revolutions  to  dilute  one  another 
wholly,  and  conftitute  an  even  and  lenfibly  uniform 
whitenefs.  And  conlecpiently  that  whitenefs  mu  ft  be 
allowed  a  mixture  of  all  Colours,  and  the  Light  which 
conveys  it  to  the  Eye  mult  be  a  mixture  of  rays  indued 
with  all  thofe  Colours. 

But  further,  by  the  a 4th  Obfervation ,  it  appears,, 
that  there  is  a  conftant  relation  between  Colours  and 
Refrangibility,  the  molt  refrangible  rays  being  violet, 
the  lead  refrangible  red,  and  thofe  of  intermediate  Co¬ 
lours  having  proportionably  intermediate  degrees  of  re- 
frangibility.  And  by  the  13th,  14th  and  15th  Obser¬ 
vations,  compared  with  the  4th  or  1 8th,  there  appears 
to  be  the  fame  conftant  relation  between.  Colour  and 
Reflexibility,  the  violet  being  in  like  circumftances  re¬ 
flected  at  lead  thicknefles  of  any  thin  Plate  or  Bubble, 
the  red  at  grouted  thicknefles ,  and  the  intermediate 
Colours  at  intermediate  thicknefles.  Whence  it  fol¬ 
lows,  that  the  colontitjue  difpofitions  of  rays  are  alio- 
connate  with  them  and  immutable,  and  by  confequence 
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that  all  the  produftions  and  appearances  of  Colours 
in  the  World  are  derived  not  from  any  phyfical  change 
caufed  in  Light  by  refraaion  or  reflexion,,  but  only 
from  the  various  mixtures  or  reparations  of  rays,  by 
virtue  of  their  different  Refrangibility  .or  Reflexibility, 
And  in  this  refpea  the  Science  of  Colours  becomes  a 
Speculation  as  truly  mathematical  as  any  other  part  of 
Optiques.  I  mean  fo  far  as  they  depend  on  the  nature 
of  Light,  and  are  not  produced  or  altered  by  the  power 
of  imagination,  or  by  (hiking  or  prefling  the  Eyes. 
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PART  III. 


Of  the  permanent  Odours  of  natural  Bodies ,  and  the 
Analogy  between  them  and  the  Colours  of  thin  tranf * 
parent  Tlates. 

I  Am  now  come  to  another  part  of  this  Defign,  which 
is  to  con  fitter  how  the  Phenomena  of  thin  trail  [pa¬ 
rent  Plates  (land  related  to  thofe  of  all  other  natural 
Bodies.  Of  thefe  Bodies  I  have  already  told  you  that 
they  appear  of  divers  Colours,  accordingly  as  they  are 
difpofed  to  relleft  mart  copiouily  the  rays  originally 
indued  with  thofe  Colours.  But  their  Conftitutions, 
whereby  they  relied  f'ome  rays  more  copiouily  than, 
others,  remains  to  be  difeovered,  and  thele  I  fhall  en¬ 
deavour  to  muni  felt  in  the  following  Propofitions. 
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PROP.  1. 


Thofe  fuper flutes  of  trunf parent  Bodies  reflect  the  great  eft 
quantity  of Light \uobich  have  the  great  eft  ref  raiding  power- 
that  is,  which  intercede  mediums  that  differ  mofl  in  their 
refractive  denfities.  And  in  the  confines  oj  equally  re- 
[raiding  mediums  there  is  no  reflexion. 

The  Analogy  between  reflexion  and  refraction  will 
appear  by  confidering,  that  when  Light  pafleth  ob¬ 
liquely  out  of  one  medium  into  another  which  refrafts 
from  the  perpendicular,  the  greater  is  difference  of 
their  refraCtive  denfity,  the  lefs  obliquity  is  requifite 
to  caufe  a  total  reflexion.  For  as  the  Sines  are  which 
meafure  the  refraftion,  fo  is  the  Sine  of  incidence  at 
which  the  total  reflexion  begins,  to  the  radius  of  the 
Circle,  and  cpnfequently  that  incidence  is  leaft  where 
there  is  the  greateff  difference  of  the  Sines,  Thus  in  the 
palling  of  Light  out  of  Water  into  Air,  where  the 
refraftion  is  meal’ured  by  the  Ratio  of  the  Sines  3  to  4 
the  total  reflexion  begins  when  the  Angle  of  incidence 
is  about  48  degrees  35  minutes.  In  paffing  out  ofGlafs 
into- where  the  refraction  is  meafured  by  the  Ratio 
of  the  Sines  ap  to  31,  the  total  reflexion  begins  when 
the  Angle  of  incidence  is  40  deg.  x  o  min.  and  fo  in 
paffing  out  of  cryffal,  or  more  ftrongly  refracting  me¬ 
diums  into  Air,  there  is  ftill  a  lefs  obliquity*  tequifite 
-  to  caufe  a  total  reflexion.  Superficies  therefore  which 
refract  moft  do  l'ooneft  reflect  all  the  Light  which  is  in¬ 
cident  on  them,,  and  fo  muflt  be  allowed  moil  ftrongly 
reflexive. 
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But  the  truth  of  this  Proportion  will  further  appear 
by  obferving ,  that  in  the  luperfides  interceding  two 
tranfparent  mediums,  fuch  as  are  (Air, Water, Oyl,  Com- 
mon-Glafs ,  Cryftal,  Metalline-Glaffes ,  liland-Glaffes, 
white  tranfparent  Arfnick,  Diamonds,  be. )  the  re¬ 
flexion  is  ftronger  or  weaker  accordingly,  as  the  fuper- 
ficies  hath  a  greater  or  lefs  refra&ing  power.  For  in 
the  confine  of  Air  and  Sal-gemin  ’tis  ftronger  than  in 
the  confine  of  Air  and  Water,  and  ftill  ftronger  in  the 
confine  of  Air  and  Common-Glafsor  Cryftal, and  ftronger 
in  the  confine  of  Air  and  a  Diamond.  If  any  of  thefe,and 
fuch  like  tranfparent  Solids,  be  immerged  in  Water,  its 
reflexion  becomes  much  weaker  than  before,  and  ftill 
weaker  if  they  be  immerged  in  the  more  ftrongly  re¬ 
fracting  Liquors  of  well-redtified  oyl  of  Vitriol  or  fpirlt 
of  Turpentine.  If  Water  be  diftinguilhed  into  two  parts, 
by  any  imaginary  furface,  the  reflexion  in  the  confine 
of  thole  two  parts  is  none  at  all.  In  the  confine  of  Wa¬ 
ter  and  Ice  ’tis  very  little,  in  that  of  Water  and  Oyl  ’tis 
fomething  greater,  in  that  of  Water  and  SaLgemm  ftill 
greater,  and  in  that  of  Water  and  Glafty  ovCryftalj  oj? 
other  denfet  fabftances  ftill  greater,  accordingly  as  thofi 
mediums  differ  more  or  left  in  their  refra<ftihg  powers^ 
Hence  in  the  confine  of  CommomGfeft  and  Cryftal, ) 
there  ought  to  be  a  .weak  reftexiany  and  a fffcr<3ng£ir;r§« 
flexion  in  the  confine  of  Common  and  Metalline-Glafs, 
though  I  have  not  yet  tried  this.  '  But,  in  the  confine  of 
two  Glaffes  of  equal  denfity,  there  is  not  any  fenfible  re¬ 
flexion,  as.  was  fhewn  in  the  firft  ObferVation.  And 
the  fame  may  be  underftood  of  the  fup.erficies;int®rce« 
ding  two  Cryftals,  or  two  Liquor's,  or  any  pthefi&lfc 
fiances  in  which  nO'  refrafition  is  caufed’.  So  then  the- 
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reafon  why  uniform  pellucid  mediums,  (fuch  as  Water, 
Glafs,  or  Cryftal)  have  no  fenfible  reflexion  but  in 
their  external  fuperficies,  where  they  are  adjacent  to 
other  mediums  of  a  different  denfity ,  Is  becaufe  all 
their  contiguous  parts  have  one  and  the  fame  degree 
of  denfity. 

PROP.  II. 

The  leaf  farts  of  almojl  all  natural  Bodies  are  in  fome 
meafure  tranfparent  :  And  the  opacity  of  tbofe  Bodies 
arifeth  from  the  multitude  of  reflexions  caufed  in  their  in¬ 
ternal  Tarts. 

That  this  is  fo  has  been  obferved  by  others,  and 
will  eafily  be  granted  by  them  that  have  been  conver- 
fant  with  Mifcrofcopes.  And  it  may  be  alio  tryed  by 
applying  any  fubftance  to  a  Hole  through  which  foine 
Light  is  immitted  into  a  dark  room.  For  how  opake 
foever  that  fubftance  may  feem  in  the  open  Air,  it  will 
by  that  means  appear  very  manifeftly  tranfparent,  if 
it  be  of  a  diffident  thinnefs.  Only  white  metalline  Bo¬ 
dies  muft  be  excepted,  which  by  reafon  of  their  excef- 
live  denfity  feem  to  reflect  almoft  all  the  Light  inci¬ 
dent  on  their  firft  fuperficies ,  unlefs  by  folution  in 
menftruums  they  be  reduced  into  very  fmall  particles, 
and  then  they  become  tranfparent. 

PROP.  Ill, 

Between  the  parts  of  opake  and  coloured  Bodies  are 
many  J paces ,  either  empty  or  replenijhedr  with  mediums 
ef  other  denjities  j  as.  Water  between  the  tinging  corpufcles 
wherewith  any  Liquor  is  impregnated y  Air  between  the 
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aqueous  globules  that  conftitute  Clouds  or  Mifls  ;  and  for 
the  m°fi  fart  Jpaces  V0ld  °f  both  Air  and  Water ,  but  yet 
perhaps  not  ‘wholly  void  of  all  fubfance ,  between  the  'parts 
of  hard  Bodies* 

The  truth  of  this  is  evinced  by  the  two  precedent 
Proportions :  For  by  the  fecond  Propofition  there  are 
many  reflexions  made  by  the  internal  parts  of  Bodies* 
which,  by  the  fir  ft  Propofition,  would  not  happen  if 
the  parts  of  thofe  Bodies  were  continued  without  any 
fnch  interftices  between  them,  becaufe  reflexions  are. 
caufed  only  in  fuperficies,  which  intercede  mediums  of. 
a  differing  denfity  by  Prop,  i . 

But  further,  that  this  difcontinuity  of  parts  is  the: 
principal  caufe  of  the  opacity  of  Bodies,  will  appear  by 
confidering,  that  opake  fubftances,  become  tranfparent. 
by  filling  their  pores  with  any  fubftance  of  equal  or  al~ 
moft  equal  denfity  with  their  parts.  Thus  Paper  dip¬ 
ped  in  Water  or  Oyl,  the  Oculu s  mundi  Stone  fteep’d  in. 
Water,  Linnen-cloth.  oy led  or  varnilhed,and  many  other 
fubftances  foaked  in  fuch  Liquors  as  will  intimately 
pervade  their  little  pores,  become  by  that  means  more' 
tranfparent  than  otherwife  ;  fo,  on  the  contrary,  the: 
moft  tranfparent  fubftances  may  by  evacuating  their 
pores,  or  leparating  their  parts,  be  rendred  fufficiently 
opake,  as  Salts*  or  wet  Paper,  or  the  Ocuhu  mundi  Stone, 
by  being  dried,  Horn  by  being  fcraped,  Glafs  by  being, 
reduced  to.  powder,  or  otherwife  flawed,  Turpen¬ 
tine  by  being  ftirred  about  with  Water  till  they  mix. 
imperfectly ,  and  Water  by  being  formed  into  many 
fmall  Bubbles,  either  alone  in  the  form  of  froth,  or 
by  lhaking  it  together  with  Oyl  of  Turpentine,  or 
with  fame  other  convenient  Liquor,  with  which  it  will 


not  perfectly  incorporate.  And  to  the  increafe  of  the 
opacity  of  thefe  Bodies  it  conduces  fomething,  that  by 
the  23  th  Observation  the  reflexions  of  very  thin  tranf- 
parent  fubftances  are  confiderably  ftronger  than  thole 
made  by  the  fame  fubftances  of  a  greater  thicknefs. 

PROP.  IV. 

The  farts  of  Bodies  and  their  Interfiles  mufi  not  k 
lefs  than  of  Jome  definite  bignefis ,  to  render  them  ofake  and 
coloured. 

For  the  opakeft  Bodies,  if  their  parts  be  fubtily 
divided,  ( as  Metals  by  being  diffolved  in  acid  men- 
ftruums,  'he.)  become  perfectly  tranfparent.  And  you 
may  alfo  remember,  that  in  the  eighth  Obfervation 
there  was  no  lenfible  reflexion  at  the  fuperficies  of 
..  the  Objebt-Glafles  where  they  were  very  near  one 
another,  though  they  did  not  abfolutely  touch.  And 
in  the  ryth  Obfervation  the  reflexion  of  the  Water-bubble 
where  it  became  thin  neft  was  almoft  in  fen  Able,  fo  as 
to  caufe  very  black  Spots  to  appear  on  the  top  of  the 
Bubble  by  the  want  of  reflected  Light. 

On  thefe  grounds  1  perceive  it  is  that  Water,  Salt, 
Glafs,  Stones,  and  l'uch  like  fubftances,  are  tranfparent. 
For,  upon  divers  conflderations,  they  l’eem  to  be  as  full 
of  pores  or  interftkes  between  their  parts  as  other.  Bo¬ 
dies  are,  but  yet  their  partsi  and  interlaces  to  be  too 
lmail  to  caufe  reflexions  in  their  common  furfacese 


PROP.  V. 


The  tranffarent  farts  of  Bodies  according  to  their  je - 
veral  fizes  mufi.  refled  rays  of  one  Colour y  and  tranfmit 
thofe  of  another y  on  the  fame  grounds  that  thin  Tlates  or 
Bubbles  do  refled  or  tranfmit  thofe  rays,  udnd  this  I  take 
to  be  the  ground  of  all  their  Colours. 

For  if  a  thin’d.  or  plated  Body,  which  being  of  an 
even-  thicknefs,  appears  all  over  of  one  uniform  Co¬ 
lour, ;  Should  be  flit  into  threds,  or  broken  into  frag¬ 
ments,  of  the  fame  thicknefs  with  the  plate  •  I  fee  no 
reafon  why  every  thred  or  fragment  fhould  not  keep  its 
Colour,  and  by  confequence  why  a  heap  of  thofe  threds 
or  fragments  fhould  not  conftitute  a  mafs  or  powder  of 
the  fame  Colour,  which  the  plate  exhibited  before  it 
was  broken.  -  And  the  parts  of  all  natural  Bodies  being 
like  fo  many  fragments  of  a  Plate,  muft  on  the  fame 
grounds  exhibit  the  fame  Colours. 

Now  that  they  do  fo,  will  appear  by  the  affinity  of 
their  properties.  The  finely  coloured  Feathers  of  fome 
Birds,  and  particularly  thofe  of  Peacocks  Tails,  do  in 
the  very  fame  part  of  the  Feather  appear  of  feveral  Co¬ 
lours  in  feveral  portions  of  the  Eye,  after  the  very  fame 
manner  that  thin  Plates  were  found  to  do  in  the  7th 
and  19th  Observations,.  and  therefore  arife  from  the 
thinnefs  of  the:  transparent  parts  of  the  Feathers ;  that 
ikyfeom  the  flendernefs  of  the  very  fine  Hairs,  or  Cafitta - 
mentay  which  grow  out  of  the  fid'es  of  the  groffer  late- 
cal  branches  or  fibres  of  thofe’  Feathers.  And  to  the 


being  fpun  very  fine  have  appeared  coloured,  as  fome 
have  observed,  and  that  the  coloured  fibres  of  fome  filks 
by  varying  the  pofition  of  the  Eye  do  vary  their  Co. 
lour.  Alfo  the  Colours  of  filks,  cloths,  and  other  fub- 
fiances,  which  Water  or  Oyl  can  intimately  penetrate, 
become  more  faint  and  obfcure  by  being  immerged  in 
thofe  liquors,  and  recover  their  vigor  again  by  being 
dried,  much  after  the  manner  declared  of  thin  Bodies 
in  the  ioth  and  21th  Obfervations.  Leaf-gold,  fome 
forts  of  painted  Glafs,  the  infufion  of  Lignum.  Nephru 
ticum ,  and  fome  other  fubftances  refledt  one  Colour, 
and  tranfmit  another,  like  thin  Bodies  in  the  9  th  and 
20th  Obfervations.  And  fome  of  thofe  coloured  pow¬ 
ders  which  Painters  ufe,  may  have  their  Colours  a  little 
changed,  by  being  very  elaborately  and  finely  ground. 
Where  I  fee  not  what  can  be  juftly  pretended  for  thofe 
changes,  befides  the  breaking  of  their  parts  into  lefs 
parts  by  that  contrition  after  the  fame  manner  that  the 
Colour  of  a  thin  Plate  is  changed  by  varying  its  thick- 
nefs.  For  which  reafon  alfo  it  is  that  the  coloured  flowers 
of  Plants  and  Yegitables  by  being  bruifed  ufually  be¬ 
come  more  tranfparent  than  before,  or  at  lead:  in  fome 
degree  or  other  change  their  Colours.  Nor  is  it  much 
lei's  to  my  purpofe,  that  by  mixing  divers  liquors  very 
odd  and  remarquable  productions  and  changes  of  Co¬ 
lours  may  be  effected,  of  which  no  caufe  can  be  more 
obvious  and  rational  than  that  the  faline  corpufcles  of 
one  liquor  do  varioufly  aft  upon  or  unite  with  the 
tinging  corpufcles  of  another,  fo  as  to  make  them  fwell, 
or  Ihrink  (whereby  not  only  their  bulk  but  their  den¬ 
sity  alfo  may  be  changed  )  or  to  divide  them  into 
fmaller  corpufcles,  (whereby  a  coloured  liquor  may  be¬ 


come 


come  tranfparent)  or  to  make  many  of  them  affociate 
into  one  duller,  whereby  two  tranfparent  liquors  may 
compofe  a  coloured  one.  For  we  fee  how  apt  thofe 
faline  menftruums  are  to  penetrate  and  diffolve  fub- 
fiances  to  which  they  are  applied,  and  fome  of  them 
to  precipitate  what  others  diffolve.  In  like  manner,  if 
we  confider  the  various  Phenomena  of  the  Atmofphsere, 
we  may  obferve,  that  when  Vapors  are  firft  raifed,  they 
hinder  not  the  tranfparency  of  the  Air,  being  divided 
into  parts  too  fmall  to  caul'e  any  reflexion  in  their  Super¬ 
ficies.  But  when  in  order  to  compofe  drops  of  rain  they 
begin  to  coalefce  and  conftitute  globules  of  all  inter¬ 
mediate  fizes,  thofe  globules  when  they  become  of  a 
convenient  fize  to  refleCt  fome  Colours  and  tranfmit 
others,  may  conftitute  Clouds  of  various  Colours  accor¬ 
ding  to  their  fizes.  And  I  fee  not  what  can  be  ratio¬ 
nally  conceived  in  fo  tranfparent  a  fubftance  as  Water  for 
the  production  of  thefe  Colours,  befides  the  various 
fizes  of  its  fluid  and  globuler  parcels. 

PROP.  VI. 

The  farts  of  Bodies  on  'which  their  Colours  defend , 
are  denfer  than  the  medium ,  which  fervades  their  in - 
terflices. 

This  will  appear  by  considering,  that  the  Colour  of 
a  Body  depends  not  only  on  the  rays  which  are  inci¬ 
dent  perpendicularly  on  its  parts,  but  on  thofe  alfo 
which  are  incident  at  all  other  Angles.  And  that  ac¬ 
cording  to  the  7th  Obfervation,  a  very  little  variation 
of  obliquity  will  change  the  reflected  Colour  where  the 
thin  body  or  fmall  particle  is  rarer  than  the  ambient 
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medium,  infomuch  thatfuch  a  fmall.  particle  will,  at  di- 
verily  oblique  incidences  reflect  all  forts  of  Colours  in 
fo  great  a,  variety  that  the  Colour  resulting  from  them 
all,'  confufedly  refleded  from  a  heap  of  fuch  particles 
muft  rather  be  a  white  or  grey  than  any  other  Colour’ 
or  at  beft  it  muft  be  but  a  very  imperfedt  and  dirty  Co¬ 
lour.  Whereas  if  the  thin  body  or  fmall  particle  be 
much  denfer  than  the  ambient  medium,  the  Colours 
according  to  the  1 9th  Observation  are  fo  little  changed 
by  the  variation  of  obliquity,  that  the  rays  which  are 
refle&ed  leaft  obliquely  may  predominate  over  the  reft 
fo.much  as  to  caufe  a  heap  of  fuch  particles  to  appear 
very  intenfly  of  their  Colour. 

It;  conduces  alfo  fomething  to  the  confirmation  of  this 
that,  according  to  the  aath  Obfervatiou, 
exhibited  by, the  denfer  thin  body  within 
the, rarer,  are  more  brifque  than  thofe  exhibited  by  the 
rarer  within  the  denfer. 

PROP.  VII. 

T he  bignefs  of  the  component  farts  of  natural  Bodies 
way  be  confeilured  by  their  Colours. 

For  ftnce  the  parts  of  thefe  Bodies  by  Prop.  5.  do 
moft  probably  exhibit  the  fame  Colours  with  a  Plate  of 
equal  thicknefs,  provided  they  have  the  fame  refractive 
denfity ;  and  finee  their  parts  Teem  for  the  moft-  part  to 
have  much  the  lam?  denfity  with  Water, or  Glafs,.  as 
by. many  circumftances  is  obvious  to  col  left ;  to  deten 
mine  the  fizes  of  thole  parts  you  need  only  have  reconrie 
to  the  precedent  Tables,  in  which  the  thicknefs  of  Wa¬ 
ter  or  Glafs  exhibiting  any  Colour » is  expreffed.  Thus 
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if  it  be  defired  to  know  the  Diameter  of  a  corpufcle, 
which  being  of  equal  denfity  with  Glai's  (hall  reflect 
green  of  the  third  order;  the  number  1 6;  thews  it  to 
be  l6t  parts  of  an  Inch. 

iboooo  1 

The  greateft  difficulty  is  here  to  know  of  what  order 
the  Colour  of  any  Body  is.  And  for  this  end  we  mult 
have  recourfeto  the  4th  and  x  8th  Obfervations,  from 
whence  may  be  collected  thefe  particulars. 

Scarlets ,  and  other  reds,  oranges  and  yellows,  if  they 
be  pure  and  intenfe  are  1110ft  probably  of  the  fecond  or¬ 
der.  Thofe  of  the  fftft  and  third  order  alfo  may  be 
pretty  good,  only  the  yellow  of  the  firft  order  is  faint, 
and  the  orange  and  red  of  the  third  order  have  a  great 
mixture  of  violet  and  blue. 

There  may  be  good  greens  of  the  fourth  order,  but 
the  pureft  are  of  the  third.  And  of  this  order  the  green 
of  all  vegitables  feem  to  be,  partly  by  reafon  of  the  in- 
tenfeneis  of  their  Colours,  and  partly  becaufe  when 
they  wither  fome  of  them  turn  to  a  greenifh  yellow, 
and  others  to  a  more  perfeft  yellow  or  orange,  or  per¬ 
haps  to  red,  paffing  firft  through  all  the  aforefaid  in¬ 
termediate  Colours.  Which  changes  feem  to  be  effp<fted 
by  the  exhaling  of  the  moifture  which  may  leave  the 
tinging  corpufcles  more  denle,  and  fomething  augmen¬ 
ted  by  the  accretion  of  the  oyly  and  earthy  part  of 
that  moifture.  Now  the  green  without  doubt  is  of  the 
fame  order  with  thofe  Colours  into  which  it  changeth, 
becaufe  the  changes  are  gradual,  and  thofe  Colours, 
though  ufually  not  very  full,  yet  are  often  too  full  and 
lively  to  be  of  the  fourth  order. 

I12  Slues 
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Blues  and  purples  maybe  either  of  the  fecond  or  third 
order,  but  the  beft  are  of  the  third.  Thus  the  Colour 
of  violets  feems  to  be  of  that  order,  becaule  their  Syrup 
by  acid  Liquors  turns  red,  and  by  urinous  and  alcali- 
zale  turns  green.  For  fince  it  is  ot  the  nature  of  Acids 
to  diffolve  or  attenuate,  and  ol  Alcalies  to  precipitate 
or  incraflatc,  if  the  purple  Colour  ol  the  Syrup  was  of 
the  fecond  order,  an  acid  Liquor  by  attenuating  its  ting¬ 
ing  corpulcles  would  change  it  to  a  red  of  the  firft 
order,  and  an  Alcaly  by  incraflating  them  would  change 
it  to  a  green  of  the  fecond  order  ;  which  red  and  green, 
elpecially  the  green,  leeni  too  imperfect  tube  the  Co¬ 
lours  produced  by  thefe  changes.  But  it  the  laid  purple 
be  fuppofed  of  the  third  order,  its  change  to  red  of  the 
fecond,  and  green  of  the  third,  may  without  any  in¬ 
convenience  he  allowed. 

If  there  be  found  any  Body  of  a  deeper  and  lels  red- 
dilh  purple  than  that  of  the  violets,  its  Colour  molt 
probably  is  of  the  fecond  order.  But  yet  their  being 
no  Body  commonly  known  whole  Colour  is  con  (tartly 
more  deep  than  theirs,  1  have  made  life  of  their  name  to 
denote  the  deepelt  and  lea  ft  reddifh  purples,  luch  as 
manifeltly  tranfcciid  their  Colour  in  purity. 

The  blue  of  the  iirlt  order ,  though  very  faint  and 
little,  may  poffibly  be  the  Colour  of  feme  lubltances ; 
and  particularly  the  azure  Colour  of  the  Skys  feems  to 
be  of  this  order.  For  all  vapours  when  they  begin  to 
condenl'e  and  coalelce  into  thrall  parcels,  become  nrft  of 
that  bignels  whereby  luch  an  Azure  mult  be  reflected 
before  they  can  conltitute  Clouds  of  other  Colours.  And 
lo  this  being  the  Iirlt  Colour  which  vapors  begin  to 
reflect,  it  oit'dit  to  be  the  Colour  of  ihe  lindt  and  molt 
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tranfparent  Skys  in  which  vapors  are  not  arrived  to  that 
grofnefs  requifite  to  refledt  other  Colours,  as  we  find  it 
is  by  experience. 

JVhitenejs ,  if  mod  intenfe  and  luminous,  is  that  of  the 
firft  order,  if  lefs  ftrong  and  luminous  a  mixture  of  the 
Colours  of  feveral  orders.  Of  this  laft  kind  is  the 
whitenefs  of  Froth,  Paper,  Linnen,  and  moft  white  fub¬ 
ftances  ;  of  the  former  I  reckon  that  of  white  metals,  to 
be.  For  whilft  the  denfeft  of  metals,  Gold,  if  foliated 
is  tranfparent,  and  all  metals  become  tranfparent  if 
diffolved  in  menftruums  or  vitrified,  the  opacity  of 
white  metals  arileth  not  from  their  denfity  alone.  They 
being  lefs  denfe  than  Gold  would  be  more  tranfparent 
than  it,  did  not  fome  other  caufe  concur  with  their  den¬ 
fity  to  make  them  opake.  And  this  caufe  I  take  to  be 
fuch  a  bignefs  of  their  particles  as  fits  them'  to,  refledt 
the  white  of  the  firft  order.  For  if  they  be  of  other 
thicknefles  they  may  refledt  other  Colours,  as  is  rnani- 
feft  by  the  Colours  which  appear  upon  hot  Steel  in  tem¬ 
pering  it,  and  fometimes  upon  the  furface  of  melted 
metals  in  the  Skin  or  Scoria  which  arifes  upon  them  in 
their  cooling.  And  as  the  white  of  the  firft  order  is 
the  ftrongeft  which  can  be  made  by  Plates  of  tranfparent 
fubftances,  fo  it  ought  to  be  ftronger  in,  the  denfer  fub- 
ftances  of  metals  than  in  the  rarer  of  Air,  Water  and 
Glafs.  N  or  do  I  fee  but  that  metallic  fubftances  of  fuch 
a.  thicknefs  as  may  fit  them  to  refledt  the  white  of  the 
firft.  order,  may,  by  reafon  of  their  great  denfity  (accor¬ 
ding  to,  the  tenour  of  the  firft  of  thefePropofitions)  re- 
ftedt  all  the  Light  incident  upon  them,  and  fo.  be  as 
opake  and  fplendent  as  its  poffible  for  any  Body  tq.be. 
Gold,  or  Copper  mixed  with  lefs  than  half  their,  weight 
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qLSifver,  or  Tin,  or  Regulus  of  Antimony,  in  ,fufioh 
or  amalgamed  with  a  very  little  Mercury  become  white- 
which  ihews  both  that  the  particles  of  white  metals 
have  much  more  fuperftcies,  and  fo  are  (mailer,  than 
thofe  of  Gold  and  Copper,  and  alfo  that  they  are  fo 
opakeas  not  to  fuffef  the  particles  of  Gold  or  Copper  to 
thine  through  them.  Now  it  is  fcarce  to  be  doubted, 
but  that  the  Colours  of  Gold  and  Copper  are  of  the  fe- 
cond  or  third  order,  and  therefore  the  particles  ©f  white 
metals  cannot  be  much  bigger  than  is  requifite  to  make 
them  refled  the  white  of  the  fir  ft  order.  The  volati¬ 
lity  of  Mercury  argues  that  they  are  not  much  bigger, 
■nor  may  they  be  much  left,  leaft  they  lofe  their  opacity, 
and  become  either  tranfparent  as  they  do  when  attenua¬ 
ted  by  vitrification,  or  by  folution  in  menftruums,  or 
black  as  they  do  when  ground  fmaller,  by  rubbing  Sil¬ 
ver, or  Tin,  or  Lead,  upon  other  fubftances  to  draw  black 
Lines.  The  firft  and  only  Colour  which  white  metals 
take  by  grinding  their  particles  fmaller  is  black,  and 
therefore  their  white  ought  to  be  that  which  borders 
upon  the  black  Spot  in  the  center  of  the  Rings  of  Co¬ 
lours,  that  is,  the  white  of  the  firft  order.  But  if  you 
would  hence  gather  the  bignefs  of  metallic  particles, 
you  rauft  allow"  for  their  denfity.  For  were  Mercury 
tranfparent,  its  denfity  is  fuch  that  the  Sine  of  inch 
dence  upon  it  (by  my  computation)  would  be  to  the 
fine  of  its  refradion,  as  71  to  ad,  or  7  to  a.  And 
therefore  the  thickoefi  of  its  particles,  that  they  may 
exhibit  the  fame  Colours  with  thofe  of  Bubbles  ofWa- 
ter,  ought  to  be  left  than  the  thickneis  of  the  Skin  of 
thofe  Bubbles  in  the  proportion  of  a  to  y.  Whence 
its  pofiible  that  the  particles  of  Mercury  may  be  as  littfld 
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as  the  particles  of  fome  tranfparent  and  volatile  fluids, 
aijd-.yet  refleQ:  the  white  of  the  firft  order. 

Laftly,  for  the  production  of  blacky  the  corpufcles 
njufb  be  lefs  thairany :  of  thofe;which  exhibit  Colours 
For  at  all  greater  fizes  there  is  too  much  Light  relie¬ 
ved  to  conftitute  this  Colour.  But  if  they-  be  fuppo- 
fgela  little  left  than  is  requifite  to  refled  the  white  and 
very  faint  blue  of  the  firft  order,  they  will,  according 
to  the  4-th,  8thy  17th  and;  1 8th  Obidvations,  refled 
fo  very  little  as ‘to  appear  intenfly  black,  and  yet  may 
perhaps  variouily  refead  it  to  and  fro  within -them* 
felvesr  fo.  long,,  until  - it  happen  to.  be.  ftifled  and  loft,, 
by.  which-  means  they  will  appear  black  in  all-poiitions 
of  fhft  ly#  without  ■  any  •tranfparency.  And-:  from  hence 
nisy.  be  underftood  why  Fire  ,  and  the  more  fubtile 
dfffolver  Putrefadion,  by.  dividing;the  particles  of  fub- 
ftantes,  turn  them  to  black  ,  why  ilnalb  quantities  of 
blalok.ftibftanees  impart  their  Colour  very  freely1  and‘in- 
tenfly-  to  other  fubltancos-  to  which  they  are-  applied  ; 
the  minute  particles  of  thele,  by  reafon  of  their  very 
gseatinumber,  ealily-'  overfpreading  the  grofs  particles 
of  others  ;  why  Gjafs  ground  very  elaborately  with 
Saod  ,011  a  copper  Plate,  ’till  it  be  well  poliflied,. makes 
the  Sand,  together  with  what  is  worn  off  from  the  Glafs 
and  Copper,  become  very  black  :  why  black  lubftances 
do  fooneft  of  all  others  become  hot  in  the  Sun’s  Light 
and,  burn,  (which  effed  may  proceed  partly  from  the 
multitude  of  refradions  in  a  little  room,  and  partly 
from  the  eafy  commotion  of  fo  veryfinall  corpulcles;)  - 
and  why  blacks  are  ufually  a  little  inclined  to  a  bluifh 
Colour.  For  that  they  are  fo  may  be  feen  by  illumina¬ 
ting  white  Paper  by  Light  receded  from  black  fub- 
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fiances.  For  tire  Paper  will  ulually  appear  of  a  bluifh 
white ;  and  the  reafon  is,  that  black  borders  on  the 
oh  (cure  blue  of  the  Hr  ft  order  defer  ibed  in  the  1 8  th 
Obfervation,  and  therefore  relied  s  more  rays  of  that 
Colour  than  of  any  other. 

In  thefe  Defcriptions  I  have  been  the  more  particu¬ 
lar,  becaufe  it  is  not  impoffible  but  that  Mifcrofcopes 
may  at  length  be  improved  to  the  difeovery  of  the 
particles  of  Bodies  on  which  their  Colours  depend,  if 
they  are  not  already  in  lome  meafure  arrived  to  that  de¬ 
gree  of  per  fed  ion.  For  if  thole  Inftruments  are  or  can 
be  lb  far  improved  as  with  fufficient  diftindnefs  to  re- 
prefent  Objects  five  or  fix  hundred  times  bigger  than 
at  a  Foot  diftance  they  appear  to  our  naked  Eyes,  I 
fhould  hope  that  we  might  he  able  to  dilcover  Pome  of 
the  greateft  of  thole  corpul'des.  And  by  one  that  would 
magnify  three  or  four  thouiand  times  perhaps  they 
might:  all  be  dilcovered,  but  thole  which  produce  black- 
nets.  In  the  mean  while  1  fee  nothing  material  in  this 
Dilcourfe  that  may  rationally  be  doubted  of  excepting 
this  Pofition,  That  tranlparent  corpul'des  of  the  fame 
thicknefs  and  denfity  with  a  Plate,  do  exhibit  the  fame 
Colour.  And  this  1  would  have  underftood  not  with- 1 
out  fome  latitude,  as  well  becaufe  thofe  corpul’des  may 
be  of  irregular  Figures,  and  many  rays  muft  be  oblique¬ 
ly  incident  on  them,  and  fo  have  a  fliorter  way  through 
them  than  the  length  of  their  Diameters,  as  becaufe  the 
ftraitnels  of  the  medium  pent  in  on  all  fides  within  luch 
corpu teles  may  a  little  alter  its  motions  or  other  qua¬ 
lities  on  which  the  reflexion  depends.  But  yet  I  can¬ 
not  much  Pulped  the  la  ft,  becaufe  I  have  obferved  of 
fome  final]  Plates  of  Muicovy-Glals  which  were  of  an 
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even  thicknefs,  that  through  a  Mifcrofcope  they  have 
appeared  of  the  fame  Colour  at  their  edges  and  cor¬ 
ners  where  the  included  medium  was  terminated,  which 
they  appeared  of  in  other  places.  However  it  will  add 
.  much  to  pur  fatisfaCtion,  if  thofe  corpufcles  could  be  dis¬ 
covered  with  Mi  fcrofcopes ;  which  if  we  (hall  at  length 
attain  to,  I  fear  it  will  be  the  utmoft  improvement  of 
this  fenfe.  For  it  feems  impoflible  to  fee  the  more  fe- 
cret  and  noble  works  of  nature  within  the  corpufcles 
by  reafon  of  their  tranfparency. 

PROP.  VIII. 

xI*he  caufe  of  Reflexion  if  not  the  impinging  of  Light  on 
the  foltd  or  impervious  parts  of  Bodies ,  as  is  commonly  Re¬ 
lieved. 

This  will  appear  by  the  following  Confederations. 
Firft,  That  in  the  paflage  of  Light  out  of  Glafs  into 
Air  there  is  a  reflexion  as  ftrong  as  in  its  paflage  out  of 
Air  into  Glafs,  or  rather  a  little  (Longer,  and  by  many 
degrees  (Longer  than  in  its  paflage  out  of  Glafs  into 
Water.  And  it  feems  not  probable  that  Air  (hould  have 
more  reflecting  parts  than  Water  or  Glafs.  But  if  that 
(hould  poffibly  be  fuppofed,  yet  it  will  avail  nothing; 
for  the  reflexion  is  as  ftrong  or  (Longer  when  the  Air  is 
drawn  away  from  the  Glafs,  (fuppofe  in  the  Air-pump 
invented  by  Mr.  Boyle  )  as  when  it  is  adjacent  to  it. 
Secondly,  If  Light  in  its  paflage  out  of  Glafs  into  Air 
be  incident  more  obliquely  than  at  an  Angle  of  4.0  or 
41  degrees  it  is  wholly  reflected,  if  lefs  obliquely  it  is 
in  great  meafure  tranfmitted.  Now  it  is  not  to  be  ima¬ 
gined  that  Light  at  one  degree  of  obliquity  (hould  meet 
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with  pores  enough  in  the  Air  to  tranfmit  the  greater 
part  of  it,  and  at  another  degree  of  obliquity  fhould 
meet  with  nothing  but  parts  to  reflect  it  wholly,  efpe- 
dally  confidering  that  in  its  paffage  out  of  Air  into 
Glal's ,  how  oblique  foever  be  its  incidence ,  it  finds 
pores  enough  in  the  Glafs  to  tranfmit  the  greateft  part 
of  it.  If  any  Man  fuppofe  that  it  is  not  refle&ed  by  the 
Air,  but  by  the  outmoft  fuperficial  parts  of  the  Glafs, 
there  is  ftill  the  fame  difficulty  :  Befides,  that  fuch  a 
Suppofition  is  unintelligible,  and  will  alfo  appear  to  be 
falfe  by  applying  Water  behind  fome  part  of  the  Glafs 
inftead  of  Air.  For  fo  in  a  convenient  obliquity  of  the 
rays  fuppofe  of  45  or  46  degrees,  at  which  they  are  all 
reflected  where  the  Air  is  adjacent  to  the  Glafs,  they 
lhall  be  in  great  meafure  tranfmitted  where  the  Water 
is  adjacent  to  it ;  which  argues,  that  their  reflexion 
or  tranfmiffion  depends  on  the  con  fti  tut  ion  of  the  Air 
and  Water  behind  the  Glafs,  and  not  on  the  ftriking 
off  the  rays  upon  the  parts  of  the  Glafs.  Thirdly,  If 
the  Colours  made  by  a  Prifm  placed  at  the  entrance  of 
a  beam  of  Light  into  a  darkened  room  be  lucceffively 
caff  on  a  fecond  Prifm  placed  at  a  greater  diftance  frofti 
the  former,  in  fuch  manner  that  they  are  all  alike  inti- 
dent  upon  it,  the  fecond  Prifm  may  be  fo  inclined  to 
the  incident  rays,  that  thofe  which  are  of  a  blue  Colour 
lhall  be  all  reflected  by  it,  and  yet  thofe  of  a  red  Colour 
pretty  copioufly  tranfmitted.  Now  if  the  reflexion  be 
caufed  by  the  parts  of  Air  or  Glafs,  I  would  ask,  why' 
at  the  fame  obliquity  of  incidence  the  blue  fhould  whol¬ 
ly  impinge  on  thofe  parts  fo  as  to  be  all  reflected,  and' 
yet  the  red  find  pores  enough  to  be  in  great  meafure 
tranfmitted.  Fourthly,  where  two  Glafles  touch  one 
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nother  there  is  no  fallible  reflexion  as  was  declared 
in  the  full  Oblervation  3  and  yet  I  fee  no  reafon  why 
the  rays  fhould  not  impinge  on  the  parts  of  Glafs  as 
much  when  contiguous  toother  Glut's  as  when  con¬ 
tiguous  to  Air.  Fifthly,  When  the  top  of  a  Water- 
bubble  (in  the  1  7th  Oblervation)  by  the  continual  fub- 
fiding  and  exhaling  of  the  Water  grew  very  thin,  there 
wasluch  a  little  and  almofl  infenfihle  quantity  of  Light 
reflected  from  it,  that  it  appeared  intently  black;  where¬ 
as  round  about  that  black  Spot,  where  the  Water  was 
thicker,  the  reflexion  was  i'o  tlrong  as  to  make  the 
Water  feem  very  white.  Nor  is  it  only  at  the  lead 
thicknefs  of  thin  Plates  or  Bubbles,  that  there  is  no 
manifeft  reflexion,  but  at  many  other  thickneffes  con¬ 
tinually  greater  and  greater.  ’For  in  the  1 5th  Obfer- 
vation  the  rays  of  the  fame  Colour  were  by  turns  trunf- 
mitted.  at  one  thicknels,  and  reflected  at  another  thick¬ 
nefs  for  an  indeterminate  number  of  iucceffions.  And 
yet  in  the  fuperticies  of  the  thinned  Body,  where  it  is 
of  any  one  thicknels,  there  are  as  many  parts  for  the 
rays  to  impinge  on,  as  where  it  is  of  any  other  thick¬ 
nefs.  Sixthly,  If  reflexion  were  caufed  by  the  parts  of 
relied ing  Bodies,  it  would  be  impofftble  for  thin  Plates 
or  Bubbles  at  the  fame  place  to  retied  the  rays  of  one 
Colour  and  tranfmit  thole  of  anot  her,  as  they  do  accor¬ 
ding  to  the  1 3th  and  1 5th  Obiervations.  For  it  is 
not  to  be  imagined  that  at  one  place  the  rays  which 
for  inftance  exhibit  a  blue  Colour,  fhould  have  the  for¬ 
tune  to  dafh  upon  the  parts,  and  thole  which  exhibit 
4  red  to  hit  upon  the  pores  of  the  Body  ;  and  then  at 
another  place,  where  the  Body  is  cither  a  little  thicker, 
or  a  little  thinner,  that  on  the  cont  rary  the  blue  fhould 
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Siit  upon  its  pores,  and  the  red  upon  its  parts,  Laftly. 
were  the  rays  of  Light  reileded  by  impinging  on  the 
folid  parts  of  Bodies,  their  reflexions  from  polifhed  Bo¬ 
dies  could  not  be  fo  regular  as  they  are.  For  in  po- 
iifhing  Glafs  with  Sand,  Putty  or  Tripoly,  it  is  not  to 
be  imagined  that  thole  fubftances  can  by  grating  and 
fretting  the  Glafs  bring  all  its  lead  particles  to  an  ac¬ 
curate  polifh  ;  fo  that  all  their  furfaces  (hall  be  truly 
plain  or  truly  fpherical,  and  look  all  the  fame  way,  lb 
as  together  to  compofe  one  even  furface.  The  fmaller 
the  particles  of  thole  fubftances  are,  the  fmaller  will 
be  the  fcratches  by  which  they  continually  fret  and  wear 
away  the  Glafs  until  it  be  polifhed,  but  be  they  never 
fo  ftnall  they  can  wear  away  the  Glafs  no  otherwife 
than  by  grating  and  fcratching  it ,  and  breaking  the 
proturberances ,  and  therefore  polifh  it  no  otherwife 
than  by  bringing  its  roughnefsto  a  very  fine  Grain,  fo 
that  the  fcratches  and  frettings  of  the  furface  'become 
too  fmall  to  be  vifible.  And  therefore  if  Light  were 
refleded  by  impinging  upon  the  folid  parts  of  the  Glafs, 
it  would  be  fcattered  as  much  by  the  moft  polifhed 
Glafs  as  by  the  rougheft.  So  then  it  remains  a  Pro¬ 
blem,  how  Glafs  polifhed  by  fretting  fubftances  can  re¬ 
fled  Light  fo  regularly  as  it  does.  And  this  Problem 
is  fcarce  otherwife  to  be  folved  than  by  faying,  that 
the  reflexion  of  a  ray  is  effeded,  not  by  a  Angle-point  of 
the  reflecting  Body,  but  by  fome  power  of  the  Body 
which  is  evenly  diffufed  all  over  its  furface,  and  by 
which  it  ads  upon  the  ray  without  immediate  contaft. 
For  that  the  parts  of  Bodies  do  ad  upon  Light  at  a-  di- 
ftance  fhall  be  fhewn  hereafter. 
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Now  if  Light  be  reflected  not  by  impinging  on  t  he 
folid  parts  of  Bodies,  but  by  fome  other  principle  ;  its 
probable  that  as  many  of  its  rays  as  impinge  on  the 
folid  parts  of  Bodies  are  not  reflected  but  ftifled  and 
loft  in  the  Bodies.  For  otherwiie  vve  mu  ft  allow  two 
forts  of  reflexions.  Should  all  the  rays  be  reflected  which 
impinge  on  the  internal  parts  of  clear  Water  or  Cryftal, 
thofe  fubftances  would  rather  have  a  cloudy  Colour 
than  a  clear  tranfparency.  To  make  Bodies  look  black, 
its  neceflary  that  many  rays  be  ftopt,  retained  and  loft 
in  them,  and  it  feems  not  probable  that  any  rays  can 
be  ftopt  and  ftifled  in  them  which  do  not  impinge  on 
their  parts. 

And  hence  we  may  underftand  that  Bodies  are  much 
more  rare  and  porous  than  is  commonly  believed.  Wa¬ 
ter  is  19  times  lighter,  and  by  confequence  19  times 
rarer  than  Gold  ,  and  Gold  is  fo  rare  as  very  readily 
and  without  the  leaft  oppofition  to  tranfmit  the  mag- 
netick  Effluvia,  and  eafily  to  admit  Quick-filver  into 
its  pores,  and  to  let  Water  pafs  through  it.  For  a  con¬ 
cave  ^Sphere  of  Gold  filled  with  Water,  and  fodered  up, 
has  upon:  prefling  the  Sphere  with  great  force,  let  the 
Water  fqueeze  through  it,  and  ftand  all  over  its  out- 
fide  in  multitudes  of  fmall  Drops,  like  dew,  without 
burfting  or  cracking  the  Body  of  the  Gold  as  I  have 
been  informed  by  an  Eye-witnefs.  From  all  which  we 
may  conclude,  that  Gold  has  more  pores  than  folid 
parts,  and  by  confequence  that  Water  has  above  forty- 
times  more  pores  than  parts.  Andhe  that  fhall  find  out 
anHypothefis,  by  which  Water  may  befo  rare, ..and  yet. 
not  be  capable  of  cotnpreffion  by  force,,  may  doubtlefs 
by  the  fame  Hypothefis  make  Gold  and  Water,  and  all 
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other  Bodies  as  much  rarer  as  he  pleafes,  fo  that  Light 
may  find  a  ready  paflage  through  tranfparent  fub- 
ftances. 

PROP.  IX. 

Bodies  re  flu  Si  and  refraSl  Light  hy  one  and  the  fame 
power  varioujly  exercifed  in  various  circumflances. 

This  appears  by  feveral  Considerations.  Firft,  Be- 
caule  when  Light  goes  out  of  Glafs  into  Air,  as  ob¬ 
liquely  as  it  can  poffibly  do,  if  its  incidence  be  made 
ftill  more  oblique,  it  becomes  totally  reflected.  For 
the  power  of  the  Glafs  after  it  has  refraded  the  Light 
as  obliquely  as  is  poffible  if  the  incidence  be  ftill  made 
more  oblique,  becomes  too  ftrong  to  let  any  of  its  rays 
go  through,  and  by  confequence  caufes  total  reflexions. 
Secondly ,  Becaufe  Light  is  alternately  reflected  and 
tranfmitted  by  thin  Plates  of  Glafs  for  many  fucceflions 
accordingly,  as  the  thicknefs  of  the  Plate  increafes 
in  an  arithmetical  Progreffion.  For  here  the  thicknefs 
ol  the  Glafs  determines  whether  that  power  by  which 
Glals  ads  upon  Light  fhall  caufe  it  to  be  refleded,  or 
iufter  it  to  be  tranfmitted.  And,  Thirdly,  becaufe  thofe 
lurfaces  of  tranfparent  Bodies  which  have  the  greateft 
refrading  power,  refled  the  greateft  quantity  of  Light, 
as  was  (hewed  in  the  firft  Propofition. 

P  R  O  P.  X. 

Ij  Ugh  he  fan f ter  in  Bodies  than  in  JLacuo  in  the 
proportion  of  the  Sines  which  meafure  the  refraSlion  of  the 
Bodies,  the  forces  of  the  Bodies  to  refieSi  and  refraSl  Light, 


are  very  nearly  proportional  to  the  denfities  of  the  fame 
Bodies ,  excepting  that  unttuom  and  fulphureom  Bodies  re¬ 
fract  more  than  others  of  this  fame  denfity. 

Let  A  B  reprefent  the  refracting  plane  furface  of  any 
Body,  and  I C  a  ray  incident  very  obliquely  upon  the 


Body  in  C,  fo  that  the  Angle  ACT  may  be  infinitely 
little,  and  let  CR  be  the  refraCted  ray.  From  a  given 
point  B  perpendicular  to  the  refraCting  furface  ereCt 
B R  meeting  with  the  refraCted  ray  CR  in  R,  and  if 
CR  reprefent  the  motion  of  the  refraCted  ray,  and  this- 
motion  be  diftinguifhed  into  two  motions  C  B  and  B  R, 
whereof  CB  is  a  parallel  to  the  refraCting  plane,  and 
BR  perpendicular  to  it :  CB  {hall  reprefent  the  motion: 
of  the  incident  ray,  and  B  R  the  motion  generated  by 
the  refraCtion,  as  Opticians  have  of  late  explained.. 

Now  if  any  body  or  thing  in  moving  through  any 
fpace  of  a  giving  breadth  terminated  on  both  tides  by 
two  parallel  plains,  be  urged,  forward  in  all  parts  of 
that  fpace  by  forces  tending  direCtly  forwards  towards 
the  laft  plain ,  and  before  its  incidence  on  the  firth 
plane,  had  n©  motion  towards  it,  or  but  an  infinitly 
little  one  ;  and  if  the  forces  in  all  parts  of  that  fpace, 
between  the  planes  be  at  equal  diftances  from  the  planes 
equal  to  one  another,  butat  feveral  diftances  be  bigger 
or  lefs  in  any  given  proportion,  the  motion  generated 
by  the  forces' in  the. whole  paffage  of,  the  body  or  thing 
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through  that  fpace  (hall  be  in  a  fubduplicate  proportion 
of  the  forces,  as  Mathematicians  will  eafiiy  underftand. 
And  therefore  if  the  fpace  of  activity  of  the  refracting 
fuperficies  of  the  Body  be  confidered  as  fuch  a  fpace, 
the  motion  of  the  ray  generated  by  the  refraCting  force 
of  the  Body ,  during  its  paflage  through  that  fpace 
that  is  the  motion  BR  muft  be  in  a  fubduplicate 
proportion  of  that  refraCting  force  :  I  fay  therefore  that 
the  iquare  of  the  Line  BR,  and  by  confequence  the 
refracting  force  of  the  Body  is  very  nearly  as  the  den- 
fity  of  the  fame  Body.  For  this  will  appear  by  the  fob 
lovvingTable,  wherein  the  proportion  of  the  Sines  which 
meafure  the  refraxions  of  feveral  Bodies,  the  fquare 
of  BR  fuppofing  CB  an  unite,  the  denfities  of  the 
Bodies  eftimated  by  their  fpecifick  gravities,  and  their 
refractive  power  in  refpeCt  of  their  denfities  are  fet 
down  in  feveral  Columns.  ■  . 
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The  refraCting  Bodies. 

The  Proportion 
of  the  Sines  oj 
incidence  and 
refraction  of 
yellow  Light . 

The  Square  of 
B  Ry  to  which 
the  refracting 
force  oftheBo 
dy  is  propor¬ 
tionate* 

The  denfit) 
and  fpeci - 
fic  gravity 
of  the  Bo - 
dy. 

APfeudo-Topazius,  be¬ 
ing  a  natural, pellucid, 
brittle,  hairy  Stone,  of 
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Alume 

to 

24 

I  1207 

6570 

Borax 

22  tO 

15 

TI5II 

I*7I4 

6716 

Niter 

32  to 

21 

T345 

i’9 

7079 

Daiitzick  Vitriol 

3°3 t0 

200 

T295 

I’7I5 

7  5  5 1 

Oyl  of  Vitriol 

10  to 

7 

I  041 

i’7 

OI24 

Rain  Water 

529  to 

396 

°’7845 

1. 

7845 

Gumm  Arabic 

31  to 

21 

i’i79 

i’JT.5 

8574 

Spirit  of  Wine  well  refti- 
fied 

100  to 

73 

0*8765 

o’866 

1 01 21 

Camphire 

3  to 

2: 

V25 

o’996 

I2<5I 

Oyl  Olive 

22  to 

*5 

°913 

1 2607 

Lintfeed  Oyl 

40  to 

.27 

ii  948 

0^32 

12819 

Spirit  of  Turpentine 

25  to 

17 

1T626 

°’874 

I3222 

Ambar 

14  to 

9 

!  1*42 

1*04 

13654 

A  Diamond 

1 00  to 

41 

4*949 

3’4 

14556 

The  refraction  of  the  Air  in  this  Table  is  determined, 
by  that  of  the  Atmofphere  obferved  by  Aftronomers. 
For  if  Light  pals  through  many  refracting  fubftances  or- 
mediums  gradually  denier  and  denier,  and  terminated 

LI  with 


with  parallel  furfaces,  the  fumin  of  all  the  refractions 
will  be  equal  to  the  lingle  refradion  which  it  would 
have  buffered  in  palling  immediately  out  of  the  firft 
medium  into  the  laft.  And  this  holds  true,  though  the 
number  of  the  refrading  fubftances  be  increafed  to  ina¬ 
nity,  and  the  diftances  from  one  another  as  much  de- 
creafed,  fo  that  the  Light  may  be  refraded  in  every 
point  of  its  paffage,  and  by  continual  refradions  bent 
into  a' curve  Line.  And  therefore  the  whole  refradion 
of  Light  in  paffing  through  the  Atmofphere  from  the 
higheft  and  rafeft  part  thereof  down  to  the  loweft  and 
denied  part,  muff  be  equal  to  the  refradion  which  it 
would  luffer  in  paffing  at  like  obliquity  out  of  a  Va¬ 
cuum  immediately  into  Air  of  equal  denlity  with  that 
in  the  loweft  part  of  the  Atmofphere. 

Now,  by  this  Table,  the  refradions  of  a  Pfeudo-To- 
paz,  a  Selenitis,  Rock  Cryftal,  Ifland  Cryftal,  Vulgar 
Glafs  (that  is,  Sand  melted  together)  and  Glafs  of 
Antimony,  which  are  terreftrial  ftony  alcalizate  con¬ 
cretes, and  Air  which  probably  arifes  from  fuch  fubftances 
by  fermentation, though  thefe  be  fubftances  very  differing 
from  one  another  in  denlity,  yet  they  have  their  refra- 
dive  powers  almoft  in  the  fame  proportion  to  one  ano¬ 
ther  as  their  denlities  are,  excepting  that  the  refradion  of 
that  ftrange  fubftance  Illand-Cryftal  is  a  little  bigger 
than  the  reft.  And  particularly  Air,  which  is  3  400  tunes 
rarer  than  thePfeudo-Topaz,  and  4200  times  rarer  than 
Glafs  of  Antimony,  has  notwithftanding  its  rarity  the 
fame  refradive  power  in  refped  of  its  denlity  which 
thofe  two  very  denfe  fubftances  have  in  refped  of  theirs, 
excepting  fo  far  as  thofe  two  differ  from  one  another. 

Again, 


Again,  the  refraction  of  Camphire,  Oy  1-Olive,  Lint- 
feed  Oyl,  Spirit  of  furpentine  and  Amber,  which  are 
fat  fulphureous  untluous  Bodies,  and  a  Diamond,  which 
probably  is  an  unci  nous  liibftance  coagulated,  have  their 
refractive  powers  in  proportion  to  one  another  as  their 
denfities  without  any  conliderable  variation.  But  the 
refractive  power  of  thel'e  unCtuous  fubftances  is  two 
or  three  times  greater  in  refpeCt  of  their  denfities  than 
the  refractive  powers  of  the  former  fubftances  in  relpeCt 
of  theirs. 

Water  has  a  refractive  power  in  a  middle  degree  be¬ 
tween  thole  two  forts  of  fubftances,  and  probably  is  of 
a  middle  nature.  For  out  of  if  grow  all  vegetable  and 
animal  fubftances,  which  confift  us  well  of  fulphureous 
fat  ami  iniiumable  parts,  as  of  earthy  lean  and  a  leal  i- 


zate  ones. 

Salts  and  Vitriols  have  rcfraCtivc  powers  in  a  middle 
degree  between  thole  of  earthy  fubftances  and  Water, 
and  accordingly  are  compelled  of  thole  two  forts  of  fob? 
fiances.  For  by  diftillation  and  rectification  of  their 
Spirits  a  great  part  of  them  goes  into  Water,  and  a  great 
part  remains  behind  in  the  form  of  a  dry  iixt  earth  ca¬ 
pable  of  vitrification. 

Spirit  of  Wine  has  a  refractive  power  in  a  middle 
degree  between  thole  of  Water  and  oyly  fubitances,  and 
accordingly  teems  to  be  computed  of  both,  united  by 
fomentation  ;  the  Water,  by  means  offbine  liilinc  Spi¬ 
rits  with  which  ’ris  impregnated,  dillblving  the  Oyl, 
and  voktizing  it  by  the  action.  For  Spirit  of  Wine  is 
inflamable  by  means  of  its  ovlv  parts,  and  being  diitil- 
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'ten  from  Salt  of  Tartar,  grows  by  everj 
more  and  more  aqueous  and  ikmnatk 
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Chy milts  obferve,  tlv.it  Vegitables  (us  I  ^vender,  Rue, 
Marjoram,  \2c.)  dilfilled  />.r  /r ,  before  fermentation 
yield  Oyls  without  any  burning  Spirits,  but  after  fer¬ 
mentation  yield  ardent  Spirits  without  Oyls  :  Which 
thews,  that  their  Oyl  is  by  fermentation  converted  into 
Spirit.  They  find  alio,  that  if  Oyls  be  poured  in  fmall 
quantity  upon  fermentating  Vegetables,  they  dilfii  over 
after  fermentation  in  the  term  ot  Spirits. 

So  then,  by  the  foregoing  Table,  all  Bodies  teem  to 
have  their  refractive  powers  proportional  to  their 
den  lilies,  ( or  very  nearly  ; )  excepting  lb  tar  as  they 
partake  more  or  lei's  of  lulphurous  oyly  particles,  and 
thereby  have  their  refractive  power  made  greater  or 
lets.  Whence  it  teems  rational  to  attribute  the  refra* 
Be  ive  power  of  all  Bodies  chiclly,  it  not  wholly,  to  the 
ful phu rous  parts  with  which  they  abound,  hoi  its 
probable  that  all  .Bodies  abound  more  or  let's  with  Sul¬ 
phurs.  And  us  Light  congregated  by  a  Burning-glafs 
aits  raoft  upon  fulphurous  Bodies,  to  turn  them  in¬ 
to  fire  and  flame  ;  to,  fince  all  adfion  is  mutual,  Sul¬ 
phurs  ought  to  add  moft  upon  Light,  hot  that  the 
adfion  between  Light  and  Bodies  is  mutual,  may  appear 
from  this  Conlideration,  That  the  denied  Bodies  which 
refradt  and  refledt  Light  molt  ftrongly  grow  hotteft  m 
the  Summer-Sun,  by  the  adfion  of  the  refrudted  or  re- 
fledted  Light. 

I  have  hitherto  explained  the  power  of  Bodies  to  re- 
fledf  and  refradt,  and  thewed,  that  thin  trail  (parent 
plates,  fibres  and  particles  do,  according  to  their  ieveral 
thicluiefles  and  denlities,  refledt  Ieveral  torts  ot  rayS) 
and  thereby  appear  of  Ieveral  Colours,.  and  by  conte- 

quence  that  nothing  more  is  requifite  for  producing  all 
A  "  the 
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the  Colours  of  natural  Bodies  than  the  feveral  lizes  and 
denfities  of  their  tranlparent  particles.  But  whence  it 
is  that  thefe  plates,  fibres  and  particles  do,  according 
to  their  feveral  thicknefles  and  denfities,  relied  feveral 
forts  of  rays,  I  have  not  yet  explained.  To  give  fome 
infight  into  this  matter,  and  make  way  for  underftan- 
ding  the  next  Part  of  this  Book,  I  fhall  conclude  this 
Part  with  a  few  more  Propofitions.  Thofe  which  pre¬ 
ceded  refped  the  nature  of  Bodies,  thefe  the  nature  of 
Light :  For  both  mull  be  underftood  before  the  reafon 
of  their  adions  upon  one  another  can  be  known.  And 
becaufe  the  laft  Propofition  depended  upon  the  velo¬ 
city  of  Light,  I  will  begin  with  a  Propofition  of  that 
kind. 


PRO  P.  XL 

Light  is  propagated  from  luminous  Bodies  in  time ,  and 
f pends  about  J even  or  eight  minutes  of  an  hour  in  faffing 
from  the  Sun  to  the  Earth . 

This  was  obferved  firft  by  Romeip  and  then  by  others,, 
by  means  of  the  Eclipfes  of  the  Satellites  of  Jupiter,. 
For  thefe  Eclipfes,  when  the  Earth  is  between  the  Sun, 
and  Jupiter ,  happen  about  feven  or  eight  minutes  fooner 
than  they  ought  to  do  by  the  Tables,  and  when  the  Earth 
is  beyond  the  Sun  they  happen  about  feven  or  eight  mi¬ 
nutes  later  than  they  ought  to  do;  the  reafon  being, that 
the  Light  of  the  Satellites  has  farther  to  go  in  the  latter- 
cafe  than  in  the  former  by  the  Diameter  of  the  Earth’s. 
Orbit..  Some  inequalities  of  time  may  arife  from  the. 
excentricities  of  the  Orbs  of  the  Satellites ;  but  thofe 
cannot  anfwer  in  all  the  Satellites,  and  at  all  times 
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to  the  pofition  and  diftance  of  the  Earth  from  the  Sun. 
The  mean  motions  o£  fupiter's  Satellites  is  alio  fwifter 
in  his  delcent  from  his  Aphelium  to  his  Perihelium, 
than  in  his  alcent  in  the  other  half  of  his  Orb  :  But  this 
inequality  has  no  relpedt  to  the  pofition  of  the  Earth, 
and  in  the  three  interior  Satellites  is  mleniible,  as  I  find 
by  computation  from  the  Theory  of  their  gravity. 

PROP.  XI I. 

Every  ray  of  Light  in  its  fmffage  through  any  refra - 
ding  fur  face  is  fut  into  a  certain  transient  confiitution 
or  fate ,  which  in  the  frogrej's  of  the  ray  returns  at 
equal  intervals ,  and  diffofes  the  ray  at  every  return 
lo  be  eaftly  tranfmitted  through  the  next  refraaing  fur - 
/ter,  and  between  the  returns  to  be  eaftly  reflected  by 
it. 

This  is  manifeft  by  the  5th,  9th,  xatli  and  r  5 tit  Ob- 
fervatious.  For  by  thole  Oblervations  it  appears,  that 
one  and  the  fame  fort  of  rays  at  equal  Angles  of  inci¬ 
dence  on  any  thin  tranlparent  plate,  is  alternately  refle¬ 
cted  and  tranfmitted  for  many  lucceffions  accordingly^ 
as  the  thicknefs  of  the  plate  inereafes  in  arithmetical 
progreffion  of  the  numbers, o,  1,  a,  3, 4,  5,  6,  7,  8,  fee. 
fo  that  if  the  firft  reflexion  (that  which  makes  the  firft 
or  innermoft  of  the  Rings  of  Colours  there  deferibed  ) 
be  made  at  the  thicknefs  i,the  rays  fliall  be  tranfmitted  M 
the  thicknefles  o,  1,4,  6,  8,  10,  10,  b'c.  and  thereby 
make  the  central  Spot  and  Rings  of  Light,  which  ap¬ 
pear  by  tranfmiflion,  and  be  refledted  at  the  thicknefs' 
*»  h  5>  7j  9r11^'  and  thereby  make  the  Rings  which 
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appear  by  reflexion.  And  this  alternate  reflexion  and 
tranfmiffion,  as  1  gather  by  the  24th  Obfervation,  con¬ 
tinues  for  above  an  hundred  viciflitudes,  and  by  the 
the  Obfervations  in  the  next  part  of  this  Book,  formany 
thoufands,  being  propagated  from  one  furface  of  a  Glals- 
plate  to  the  other,  though  the  thicknefs  of  the  plate 
be  a  quarter  of  an  Inch  or  above  :  So  that  this  alter¬ 
nation  feems  to  be  propagated  from  every  refracting 
furfaee  to  all  diftances  without  end  or  limitation. 

This  alternate  reflexion  and  refraCtion  depends  on 
both  the  furfaces  of  every  thin  plate,  becaule  it  de¬ 
pends  on  their  diftance.  By  the  21th  Obfervation,  if 
either  furface  of  a  thin  plate  of  Mufcovy-Glafs  be  wet¬ 
ted,  the  Colours  caufed  by  the  alternate  reflexion 
and  refraCtion  grow  faint,  and  therefore  it  depends  on 
them  both. 

It  is  therefore  performed  at  the  fecond  furface,  for 
if  it  were  performed  at  the  firft,  before  the  rays  ar¬ 
rive  at  the  fecond,  it  would  not  depend  on  the  fe¬ 
cond. 

It  is  alfo  influenced  by  fome  aCtion  or  difjpofition, 
propagated  from  the  firft  to  the  fecond,  becaule  other- 
wife  at  the  fecond  it  would  not  depend  on. the  firft.  And 
this  aCtion  or  difpofition,  in  its  propagation,  intermits 
and  returns  by  equal  intervals,  becaufe  in  all  its  pro- 
grefs  it  inclines  the  ray  at  one  diftance  from  the  firft 
furface  to  be  reflected  by  the  fecond,  at  another  to  be 
tranfmitted  by  it,  and  that  by  equal  intervals  for  innu¬ 
merable  viciflitudes.  And  becaufe  the  ray  is  dilpoled 
to  reflexion  at. the  diftances  1,  3,  5,  7,  9,  and  to 
tranfmiffion  at  the  diftances  o,  2,  4,  6,  8,  10, 12V,  ( for 

its  tranfmiffion  through  the  firft  furface,  is  at  the  di- 

ltance 
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i Vance  o,  and  it  is  tranfmitted  through  both  toge¬ 
ther,  if  their  diftance  be  infinitely  little  or  much  left 
than  i )  the  diipofition  to  be  tranfmitted  at  the  diftances 
a,  4.,  6,  8,  10, he.  is  to  be  accounted  a  return  of  the 
lame  diipofition  which  the  ray  firft  had  at  the  diftance  o, 
that  is  at  its  tranfmiffion  through  the  firft  redrafting  fur- 
face.  All  which  is  the  thing  I  would  prove. 

What  kind  of  a  ft  ion  or  diipofition  this  is  ?  Whether 
it  confift  in  a  circulating  or  a  vibrating  motion  of  the 
ray,  or  of  the  medium,  or  lomething  elfe  ?  I  do  not 
here  enquire.  Thofe  that  are  averfe  from  affenting  to 
any  new  difcoveries,  but  fuch  as  they  can  explain  by  an 
Hypothelis,  may  for  the  prefent  fuppofe,  that  as  Stones 
by  falling  upon  Water  put  the  Water  into  an  undula¬ 
ting  motion,  and  all  Bodies  by  percuffion  excite  vibra¬ 
tions  in  the  Air;  fo  the  rays  of  Light,  by  impinging  on 
any  refrafting  or  reflefting  furface,  excite  vibrations  in 
the  refrafting  or  reflefting  medium  or  fubftance,  and 
by  exciting  them  agitate  the  folid  parts  of  the  refrafting 
or  reflefting  Body,  and  by  agitating  them  caufe  the  Body 
to  grow  warm  or  hot  ;  that  the  vibrations  thus  excited 
are  propagated  in  the  refrafting  or  reflefting  medium; 
or  fubftance,  much  after  the  manner  that  vibrations  are 
propagated  in  the  Air  for  caufing  found,  and  move 
tafter  than  the  rays  fo  as  to  overtake  them ;  and  that 
when  any  ray  is  in  that  part  of  the  vibration  which  coo- 
fipires  with  its  motion,  it  eafily  breaks  through  a  re¬ 
frafting  furface,  but  when  it  is  in  the  contrary  part  of 
the  vibration  which  impedes  its  motion,  it  is  eafily 
reflefted';  and,  by  confequence,  that  every  ray  is  fuc- 
ceffively  difpofed  to  be  eafily  reflefted,  or  eafily  tranf- 
jnitted,  by  every  vibration  which  overtakes  it.  But 

whether 
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whether  thisHypothefis  be  true  or  falfe  I  do  not  here 
confider.  I  content  my  felf  with  the  bare  dilcovery, 
that  the  rays  of  Light  are  by  fome  caufe  or  other  alter¬ 
nately  difpofed  to  be  reflected  or  refracted  for  many  vi- 
ciffitudes. 


T)  EFIM  IT  10  M. 

The  returns  of  the  difpojition  of  any  ray  to  be  reflected 
J  i will  call  its  Fits  of  eafy  reflexion,  and  thofe  of 
its  dtffo/ition  to  be  tranfmitted  its  Fits  of  eafy  tranl- 
mifiion,  and  the  fface  it  paffes  between  every  re¬ 
turn  and  the  next  return ,  the  Interval  of  its 
Fits. 

P  R  O  P.  XIII. 

The  reafon  why  the  fur  faces  of  all  thick  tranf -parent 
Bodies  re  fell  fart  of  the  Light  incident  on  them ,  and 
refraSl  the  reft ,  that  fome  rays  at  their  incidence  are 
in  Fits  of  eafy  reflexion ,  and  others  in  Fits  of  eafy  tranf- 
mijflon. 

This  may  be  gathered  from  the  a^th  Obfervation, 
where  the  Light  reflected  by  thin  plates  of  Air  and  Glafs, 
which  to  the  naked  Eye  appeared  evenly  white  all  over 
the  plate,  did  through  a  Prifm  appear  waved  with  many 
fucceffions  of  Light  and  Darknefsmade  by  alternate  fits 
of  eafy  reflexion  and  eafy  tranfmiffion ,  the  Prifm 
fevering  and  diftinguilhing  the  waves  of  which  the 
white  refle&ed  Light  was  compofed,  as  was  explained 
above. 


And  hence  Light  is  in  iits  of  eafy  reflexion  and  eafy 
tranfmiflion,  before  its  incidence  on  trail l pa rent  Bodies* 
And  probably  it  is  put  into  luch  fits  at  its  firfl  emiffion 
frora  luminous  Bodies,  and  continues  in  them  during 
all  its  progrefs.  For  theie  fits  are  of  a  lading  Nature, 
as  will  appear  by  the  next  part  of  this  Book. 

In  this  Propofition  1  iuppole  the  tranfparent  Bodies 
to  be  thick,  becaule  if  the  thicknels  of  the  Body  be 
much  Ids  than  the  interval  of  the  fits  of  ealy  reflexion 
and  tranfmiflion  of  the  rays,  the  Body  lolethits  reflecting 
power.  For  if  the  rays,  which  at  their  entering  into 
the  Body  are  put  into  fits  of  eafy  tranfmiflion,  arrive  at 
the  furthert  furface  of  the  Body  before  they  be  out  of 
thofe  fits  they  mu  ft  be  tranfraitted.  And  this  is  the 
reafon  why  Bubbles  of  Water  lole  their  refletting  power 
when  they  grow  very  thin,  and  why  all  opake  Bo¬ 
dies  when  reduced  into  very  final!  parts  become  tranf¬ 
parent. 

PRO  P.  XIV. 

T'bofe  fur  faces  of  tr  an  [■parent  Bodies^  which  if  the  ray 
he  in  a  fit  of  refradlion  do  refraB  it  rnojl  flronglyy  if  the 
ray  he  in  a  fit  of  reflexion  do  refietf  it  mofl  ea/ily. 

For  we  (hewed  above  in  Prop.  &.  that  the  caufe  of 
reflexion  is  not  the  impinging  of  Light  on  the  folid 
impervious  parts  of  Bodies,  but  Ibme  other  power  by 
which  thofe  folid  parts  att  on  Light  at  a  di (lance.  We 
(hewed  alio  in  Prop.  9.  that  Bodies  retied!  and  refund 
Light  by  one  and  the  lame  power  varioufly  exereifed  in 
various  circumftances,  and  in  Prop.  1.  that  the  moll 
ltrongly  refratting  furfaces  refledt  the  moll  Light :  All 

which 


which  compared  together  evince  and  ratify  both  this 
and  the  laft  Proposition. 


P  R  O  P.  XV. 

Ip  any  one  and  the  lama  fori  of  rays  emerging  in  any 
Jhi^le  out  of  any  ref  raiding  j  urf  ace  into  one  and  tire  fame 
msft’iWh  the  inlet  val  of  the  following  Jits  of  eafy  reflexion 
and  tranfmi/Jion  are  either  accurately  or  very  nearly y  as, 
the  Re  3  angle  of  the  fee  ant  of  the  Single  of  refra&mg  and 
of  the  fecant  of  another  Single ,  whoje  fine  is  the  fir  ft  of 
io 6  arithmetical  mean  proportionals  ,  between  the  fines 
of  incidence  and  refrabiion  counted  from  the  fine  of  re¬ 
fraction. 

This  is  manifeft  by  the  7th  Obfervation. 

:  .  P  R  O  P.  XVI. 


In  feveral  forts  of  rays  emerging  in  equal  singles  out 
of  any  r efra$ mg  Jut  face  into  the  fame  medium ,  the  inter* 
mlfof  frn  following  Jits  of  eafy  reflexion  and  eafy  trmfn 
miffion  are  either  accurately^  or  very  nearly ,  «$  the  Cube? 
resits  of  the  Squares  of  the  lengths  of  a  Chord ,  which  found 
the  notes  in  an  Might ,  fol,  la-)  fa,  fol,  la,  mi,  fa,  fol,  with 
off  their  intermediate  degrees  maja/yertitg  to  (he  Colours,  of 
tftofe  tm %  turordim  to  the  Analogy  dejeribed  m  the  fe* 
tenth  M&fur intent  of  the  feamd  Booh. 

This  is  tmni&R  by  the  uth  and  1 4th  Obfervation^ 


[8+] 

<  k 

PROP.  XVII, 

If  rays  of  any  one  fort  pafs  perpendicularly  into  fever  al 
mediums ,  the  intervals  of  the  fits  of  eafy  reflexion  and 
tranfmifjlon  in  any  one  medium ,  w  to  thofe  intervals  in 
any  other  at  the  fine  of  incidence  to  the  fine  of  refraSlionr 
when  the  rays  pafs  out  of  the  fir ft  of  thofe  two  mediums 
into  the  fecond. 

This  is  manifeft  by  the  loth  Obfervation. 

PROP.  XVIII. 

If  the  rays  which  -paint  the  Colour  in  the  confine  of 
yellow  and  orange  pafs  perpendicularly  out  of  any  medium 
into  xdir,  the  intervals  of  their  fits  of  eafy  reflexion  are 
the  —^th  part  of  an  Inch,  ^dnd  of  the  fame  length  are 
the  intervals  of  their  fits  of  eafy  tranfmijfion. 

This  is  manifeft  by  the  6th  Obfervation, 

From  thefe  Propoiltions  it  is  eafy  to  collect  the  in¬ 
tervals  of  the  fits  of  eafy  reflexion  and  eafy  tranfmif- 
fion  of  any  fort  of  rays  refrafted  in  any  Angle  into 
any  medium,  and  thence  to  know,  whether  the  rays 
fhall  be  reflected  or  tranfmitted  at  their  fubfequent 
incidence  upon  any  other  pellucid  medium.  Which 
thing  being  ufeful  for  underftanding,  the  next  part  of 
this  Book  was  here  to  be  fet  down.  And  for  the  fame 
reafon  I  add  the  two  following  Propositions. 


PROP. 
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PROP.  XIX. 


If  any  fort  of  rays  falling  on  the  -polite  furface  of  any 
pellucid  medium  be  refielled  back,  the  jits  of  eafy  re¬ 
flexion  'which  they  have  at  the  point  of  reflexion ,  Jball 
fill  continue  to  return ,  and  the  returns  Jhall  be  at  di- 
fiances  from  the  point  of  reflexion  in  the  arithmetical 
progreffion  of  the  numbers  a,  4,  6,  8,  10,  ia,&c.  and  be¬ 
tween  thefe  fits  the  rays  jhall  be  in  fits  of  eafy  tranfl 


mifflon. 

For  fince  the  fits  of  eafy  reflexion  and  eafy  tranf- 
miflion  are  of  a  returning  nature,  there  is  no  reafort 
why  thefe  fits,  which  continued  till  the  ray  arrived  at 
the  reflecting  medium,  and  there  inclined  the  ray  to 
reflexion,  fhould  there  ceafe.  And  if  the  ray  at  the 
point  of  reflexion  was  in  a  fit  of  eafy  reflexion,  the 
progreffion  of  the  diftances  of  thefe  fits  from  that  point 
muft  begin' from  o,  and  fo  be  of  the  numbers  0,1,4, 
6,  8,  hdc.  And  therefore  the  progreffion  of  the  Af¬ 
fiances  of  the  intermediate  fits  of  eafy  tranfmiffion  rec¬ 
koned  from  the  fame  point,  muft  be  in  the  progreffion. 
of  the  odd  numbers  1,  3,  5, 7,  9,  fee.  contrary  to  what 
happens  when  the  fits  are  propagated  from  points  of 
refraftion. 


PROP.  XX. 

The  intervals  of  the  fits  of  eafy  reflexion  and  eafy 
tranfmiffion,  propagated  from  points  of  reflexion  into  any 
medium ,  are  equal  to  the  intervals  of  the  like  fits  which 
the  fame  rays  would  have ,  if  ref  railed  into  the  fame 

medium 


medium  in  Angles  of  refraBion  equal  to  then'  Angles  0f 

reflexion . 

For  when  Light  is  refle&ed  by  the  fecond  furface  of 
thin  plates,  it  goes  out  afterwards  freely  at  the  firft  fur- 
face  to  make  the  Rings  of  Colours  which  appear  by 
reflexion,  and  by  the  freedom  of  its  egrefs,  makes  the 
Colours  of  thefe  Rings  more  vivid  and  ftrong  than  thofe 
which  appear  on  the  other  fide  of  the  plates  by  the 
tranfmitted  Light.  The  refle£ted  rays  are  therefore  in 
fits  of  ealy  tranfiniffion  at  their  egrefs  ;  which  would 
not  always  happen,  if  the  intervals  of  the  fits  within 
the  plate  after  reflexion  were  not  equal,  both  in  length 
and  number  to  their  intervals  before  it .  And  this  confirms 
alio  the  proportions  fet  down  in  the  former  Propofition, 
For  if  the  rays  both  in  going  in  and  out  at  the  firft  furface 
be  in  fits  of  eafy  tranfiniffion,  and  the  intervals  and  num¬ 
bers  of  thofe  fits  between  the  firft  and  fecond  furface, 
before  and  after  reflexion,  be  equal ;  the  diftances  of 
the  fits  of  eafy  tranfiniffion  from  either  furface,  rouft  be 
in  the  fame  progreffion  after  reflexion  as  before  •  that 
is,  from  the  firft  furface  which  tranfmitted  them,  in 
the  progreffion  of  the  even  numbers  o,  3, 4, 6, 8, 
and  from  the  fecond  which  reflected  them,  in  that  of 
the  odd  numbers  t,  3,  5,  7,  b’c\  But  thefe  two  Pro- 
pofitions  will  become  much  more  evident  by  the  Qbfer* 
vations  in  the  following  part  of  this  Book. 


THE. 


Oifervatiohs  concerning  the  Reflexions  and  Colours  of 
thick  tranff  ccrent  folijhed  Tlates. 

THere  is  no  Glafs  or  Speculum  how  well  foever 
polilhed,  but,  befides  the  Light  which  it  refracts 
or  rettefits  regularly ,  fcatters  every  way  irregularly  a 
faint  Light,  by  means  of  which  the  polilhed  furface, 
when  illuminated  in  a  dark  Room  by  a  beam  of  the 
Sun’s  Light,  may  be  eafily  feen  in  all  pofitions  of  the 
Eye.  There  are  certain  Phenomena  of  this  fcattered 
Light,  which  when  I  firft  obferved  them,  feemed  very 
ft  range  and  furpriling  to  me.  My  Obfervations  were 
as  follows. 


OBS. 


O  B  S.  I. 


The  Sun  Aiming  into  my  darkened  Chamber  through 
a  Hole  '  of  an  Inch  wide,  I  let  the  intromitted  beam 
of  Light  fall  perpendicularly  upon  a  Glafs  Speculum 
ground  concave  on  one  fide  and  convex  on  the  other, 
to  a  Sphere  of  five  Feet  and  eleven  Inches  Radius,  and 
quick-filvered  over  on  the  convex  fide.  And  holding 
a  white  opake  Chart,  or  a  Quire  of  Paper  at  the  Center 
of  the  Spheres  to  which  the  Speculum  was  ground,  that 
is,  at  the  diftance  of  about  five  Feet  arid  eleven  Inches 
from  the  Speculum,  in  fuch  manner,  that  the  beam  of 
Light  might  pafs  through  a  little  Hole  made  in  the 
middle  of  the  Chart  to  the  Speculum,  and  thence  be 
refleded  back  to  the  lame  Hole  :  I  obferved  upon  the 
Chart  four  or  five  concentric  Irifes  or  Rings  of  Colours, 
like  Rain-bows,  encompaffing  the  Hole  much  after  the 
manner  that  thofe,  which  in  the  fourth  and  following 
Oblervations  of  the  firftpart  of  this  third  Book  appeared 
between  the  Objed-GlalTes,encompaffed  the  black  Spot, 
but  yet  larger  and  fainter  than  thofe.  Theie  Rings  as 
they  grew  larger  and  larger  became  dilutee  and  fainter, 
lb  that  the  fifth  was  fcarce  vifible.  Yet  fometimes, 
when  the  Sun  fhone  very  clear,  there  appeared  faint 
Lineaments  of  a  .fixth  and  feventh.  If  the  diftance  of 
the  Chart  from  the  Speculum  was  much  greater  or  much 
lei’s  than  that  of  fix  Feet,,  the  Rings  became  dilute  and 
vanilhed.  And  if  the  diftance  of  the  Speculum  from 
the  Window  was  much  greater  than  that  of  fix  Feet, 
the  refleded  beam  of  Light  would  be  fo  broad  at  the 
diftance  of  fix  Feet  from  the  Speculum  where  the  Rings 

appeared, 


appeared,  as  to  obfcure  one  or  two  of  the  innermoft 
And  therefore  1  ulually  placed  the  Speculum 
at  about  fix  Feet  from  the  Window  ;  fo  that;  its  Focus 
might  there  fall  in  with  the  center  of  its  concavity  at  the 
Rings  upon  the  Chart.  And  this  pollute  is  always  to 
be  underftood  in  the  following  Obl’ervations  where  no 
other  is  exprelt. 

O  B  S.  II. 

The  Colours  of  thefe  Rain-bows  fuccccded  one  ano- 
ther  from  the  center  outwards,  in  the  lame  form  and 
order  with  thole  which  were  made  in  the  ninth  Obfer- 
vation  ofthefirll  Part  of  this  Book  by  Light  not  re¬ 
flected,  but  tranfmitted  through  the  two ObjedLGlalTes. 
Tor  firft,  there  was  in  their  common  center  a  white 
round  Spot  of  faint  Light,  ibmelhing  broader  than  the 
reflected  beam  of  Light;  which  beam  Sometimes  fell 
upon  the  middle  of  the  Spot,  and  fometimes  by  a  little 
inclination  of  the  Speculum  receded  from  the  middle, 
fed  left  the  Spot  white  to  the  center. 

This  white  Spot  was  immediately  encompafled  with 
it  dark  grey  or  ruflet,  and  that  darknefs  with  the  Co¬ 
lours  of  the  firll  Iris,  which  were  on  the  iniide  next 
the  darknefs  a  little  violet  and  indteo,  and  next  to  that 
a  blue,  which  on  the  outfide  grew  pale,  and  then  llic- 
ceeded  a  little  green ilh  yellow,  and  after  that  a  brighter 
yellow,  and  then  on  the  outward  edge  of  the  Iris  a  red 
which  on  the  outiide  inclined  to  purple. 

This  Iris  was  immediately  encompafled  with  a  fe- 
Cond,  whole  Colours  were  In  order  from  the  iniide 

N  n  out- 
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outwards,  purple,  blue,  green,  yellow,  light  red,  a  red 
mixed  with  purple. 

Then  immediately  followed  the  Colours  of  the  third 
Iris,  which  were  in  order  outwards  a  green  inclining 
to  purple,  a  good  green,  and  a  red  more  bright  than 
that  of  the  former  Iris. 

The  fourth  and  fifth  Iris  feemed  of  a  bluilh  green 
within,  and  red  without,  but  fo  faintly  that  it  was  dif¬ 
ficult  to  difcern  the  Colours. 

O  B  S.  III. 

Meafuring  the  Diameters  of  thefe  Rings  upon  the 
Chart  as  accurately  as  I  could,  I  found  them  alfo  in 
the  fame  proportion  to  one  another  with  the  Rings 
made  by  Light  tranfinitted  through  the  two  Objedt- 
Glaffes.  For  the  Diameters  of  the  four  firft  of  the 
bright  Rings  meafured  between  the  brighteft  parts  of 
their  orbits,  at  the  diftance  of  fix  Feet  from  the  Specu¬ 
lum  were  a  ~  >  3I  Inches,  whofe  fquares  are  in 

arithmetical  progreffion  of  the  numbers  1,  a,  3,  4.  If 
the  white  circular  Spot  in  the  middle  be  reckoned 
amongft  the  Rings,  and  its  central  •  Light ,  where  it 
feems  to  be  moft  luminous,  be  put  equipollent  to  an 
infinitely  little  Ring ;  the  fquares  of  the  Diameters  of  the 
Rings  will  be  in  the  progreffion  o,  1,  a,  3,  4,  Is U.  I 
meafured  alfo  the  Diameters  of  the  dark  Circles  be¬ 
tween  thefe  luminous  ones,,  and  found  their  fquares 
in  the  progreffion  of  the  numbers  f-,  aj,  3L  LV. 
the  Diameters  of  the  firft  four  at  the  diftance  of  fix  Feet 
from  the  Speculum,  being  ij$,  n|-6,  0.^  3^  Inches.  If 
the  diftance  of  the  Chart  from  the  Speculum  was  in- 

creafed 


created  or  diminifhed,  the  Diameters  of  the  Circles  were 
increafed  or  diminifhed  proportionally. 

OBS.  IV. 

By  the  analogy  between  thefe  Rings  and  thofe  de- 
fcribed  in  theObfervations  of  the  firftPart  of  this  Book, 
I  fufpeCted  that  there  were  many  more  of  them  which 
fpread  into  one  ano  ther,  and  by  interfering  mixed  their 
Colours,  and  diluted  one  another  fo  that  they  could 
hot  be  teen  apart.  I  viewed  them  therefore  through  a 
Prifm,  as  I  did  thofe  in  the  24th  Obfervation  of  the 
firft  Part  of  this  Book.  And  when  the  Prifm  was  fo 
placed  as  by  refracting  the  Light  of  their  mixed  Co¬ 
lours  to  feparate  them,  and  diftinguifh  the  Rings  from 
one  another,  as  it  did  thofe  in  that  Obfervation,  I  could 
then  fee  them  diftinfter  than  before,  and  eamy  num¬ 
ber  eight  or  nine  of  them,  and  fometimes  twelve,  or 
thirteen.  And  had  not  their  Light  been  fo  very  faint, 
!  queftion  not  but  that  I  might  have  feen  many  more. 

g:?;.;  o  b  s.  v. 

Placing  a  Prifm  at  the  Window  to  refraCt  the  intro¬ 
mitted  beam  of  Light,  and  call  the  oblong  SpeCtrum 
of  Colours  on  the  Speculum :  I  covered  the  Speculum 
with  a  black  Paper  which  had  in  the  middle  of  it  a  Hole 
to  let  any  one  of  the  Colours  pafs  through  to  the  Spe¬ 
culum,  whilft  the  reft  were  intercepted  by  the.  Paper. 
And  now  I  found  Rings  of  that  Colour  only  which  tell 
Upon  the  Speculum.  If  the  Speculum  was  illuminated 
# itb  red  the  Rings  were  totally  red  with  dark  inter- 

Nn  2  vals, 


[92] 

vals,  if  witiv  blue  they  were  totally  blue,  and  lb  of  the 
other  Colours.  And  when  they  were  illuminated  with 
any  one  Colour,  the  Squares  of  their  Diameters  mea- 
lured  between  their  moll  luminous  parts,  were  in  the 
arithmetical  progreffion  of  the  numbers  o,  1,2,3, 4.,  and 
the  Squares  of  the  Diameters  of  their  dark  intervals  in 
the  progreflion  of  the  intermediate  numbers  f,  i-I,  3R 
But  if  the  Colour  was  varied  they  varied  their  magni¬ 
tude.  In  the  red  they  were  larged,  in  the  indico  and 
violet  lead,  and  in  the  intermediate  Colours  yellow,, 
green  and  blue ;  they  were  ofieveral  intermediate  big- 
neflfes  anfwering  to  the  Colour,  that  is,  greater  in  yel¬ 
low  than  in  green,  and  greater  in  green  than  in  blue. 
And  hence  I  knew  that  when  the  Speculum  was  illumi¬ 
nated  with  white  Light,  the  red  and  yellow  on  the  out- 
lide  of  the  Rings  were  produced  by  the  leal!  refrangible 
rays,  and  the  blue  and  violet  by  the  mod  refrangible,, 
and  that  the  Colours  of  each  Ring  fpread  into  the  Co¬ 
lours  of  the  neighbouring  Rings  on  either  fide,  after 
the  manner  explained  in  the  fil'd  and  fecund  Rut  of  this 
Book,  and  by  mixing  diluted  one  another  fo  that  they 
could  not  be  didinguifhed,  unlefs  near  the  center  where 
they  were  lead  mixed.  For  in  this  Obfervation  I  could, 
fee  the  Rings  more  didin&ly,  and  to  a  greater  number 
than  before,  being  able  in  the  yellow  Light  to  number 
eight  or  nine  of  them,  befides  a  faint  fhadow  of  a  tenth. 
To  fatisfy  my  lelf  how  much  the  Colours  of  the  feveral 
Rings  fpread  into  one  another,  1  meafured  the  Diame¬ 
ters  of  the  fecond  and  third  Rings  ,  and  found  them 
when  made  by  the  confine  of  the  red  and  orange  to  be 
the  lame  Diameters  when  made  by  the  coniine  of  blue 
and  indico,  as  y  to  8,  or  thereabouts.  For  it  was  hard 

to 
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to  determine  this  proportion  accurately.  Alfo  the  Cir¬ 
cles  made  fucceffively  by  the  red,  yellow  and  green, 
differed  more  from  one  another  than  thofe  made  fuccef¬ 
fively  by  the  green,  blue  and  indico.  For  the  Circle 
made  by  the  violet  was  too  dark  to  be  feen.  To  carry 
on  the  computation,  Let  us  therefore  fuppofe  that  the 
differences  of  the  Diameters  of  the  Circles  made  by  the 
outmoft  red,  the  confine  of  red  and  orange,  the  confine 
of  orange  and  yellow,  the  confine  of  yellow  and  green, 
the  confine  of  green  and  blue,  the  confine  of  blue  and 
indico,  the  confine  of  indico  and  violet,  and  outmoft  vio¬ 
let,  are  in  proportion  as  the  differences  of  the  lengths 
of  a  Monochord  which  found  the  tones  in  an  Eight ; 
Jo/,  /«,/«,  [olj  /a,  that  is,  as  the  numbers 

V-  1  !r.  And  if  the  Diameter  of  the  Circle  made 

by  the  confine  of  red  and  orange  be  9  A,  and  that  or 
the  Circle  made  by  the  confine  of  blue  and  indico  be 
8  A  as  above,  their  difference  9  A  —  8  A  will  be  to 
the  difference  of  the  Diameters  of  the  Circles  made  by 
the  outmoft  red,  and  by  the  confine  of  red  and  orange, 
as  f s  +f»  +L'+*r  to  h  that  is  as  t>  to  t  or  8  to  3,  and  to 
the  difference  of  the  Circles  made  by  the  outmoft  violet, 
and  by  the  confine  of  blue  and  indico,  as  A  +  A  -1-  -A  +  A 
to  ir  +  A,  that  is,  as  h  to  A,  or  as  t  6  to  5.  And  there¬ 
fore  thefe  differences  will  be  I  A  and  A  A.  Add  the 
firft  to  9  A  and  fubduft  the  laft  from  8  A,  and  you 
will  have  the  Diameters  of  the  Circles  made  by  the 
teaft  and  molt  refrangible  rays  i‘  A  and  f-'i  A.  Thefe 
Diameters  are  therefore  to  one  another  as  75  to  61  or 
50  to  41,  and  their  Squares  as  2500  to  1681,  that  is,, 
as  3  to  a  very  nearly.  Which  proportion  differs  not 
much  from  the  proportion  of  the  Diameters  of  the 

Circles-. 


Circles  made  by  the  outmoft  red  and  outmoft  violet  in 
the  1 3  th  Obfervation  of  the  firfl  part  of  this  Book. 

O  B  S.  VI. 

Placing  my  Eye  where  thefe  Rings  appeared  plained 
I  law  the  Speculum  tinged  all  over  with  waves  of  Co¬ 
lours  (  red,  yellow,  green,  blue  ; )  like  thofe  which  in 
the  Obfervations  of  the  firft  Part  of  this  Book  appeared 
between  the  Objedt-Glaffes  and  upon  Bubbles  of  Water, 
but  much  larger.  And  after  the  manner  of  thofe,  they 
were  of  various  magnitudes  in  various  pofitions  of  the 
Eye,  fwelling  and  fhrinking  as  I  moved  my  Eye  this 
way  and  that  way.  They  were  formed  like  Arcs  of 
concentrick  Circles  as  thofe  were,  and  when  my  Eye 
was  over  againft  the  center  of  the  concavity  of  the  Spe¬ 
culum  (that  is,  5  Feet  and  i  o  Inches  diftance  from  the 
Speculum)  their  common  center  was  in  a  right  Line 
with  that  center  of  concavity,  and  with  the  Hole  in  the 
Window.  But  in  other  poftures  of  my  Eye  their  center 
had  other  pofitions.  They  appeared  by  the  Light  of 
the  Clouds  propagated  to  the  Speculum  through  the 
Hole  in  the  Window,  and  when  the  Sun  fir  one  through 
that  Hole  upon  the  Speculum,  his  Light  upon  it  was 
of  the  Colour  of  the  Ring  whereon  it  fell,  but  by  its 
fplendor  obfcured  the  Rings  made  by  the  Light  of  the 
Clouds,  unlefs  when  the  Speculum  was  removed  to  a 
great  diftance  from  the  Window,  fo  that  his  Light  upon 
it  might  be  broad  and  faint.  By  varying  the  pofition  of 
my  Eye,  and  moving  it  nearer  to  or  farther  from  the 
diredt  beam  of  the  Sun’s  Light,  the  Colour  of  the  Sun’s 
.reflected  Light  conftantly  varied  upon  the  Speculum, 


as  k  did  upon  my  Eye,  the  fame  Colour  always  ap¬ 
pearing  to  a  By-ftander  upon  my  Eye  which  to  me  ap¬ 
peared  upon  the  Speculum.  And  thence  I  knew  that 
the  Rings  of  Colours  upon  the  Chart  were  made  by  thele 
reflected  Colours  propagated  thither  from  the  Specu¬ 
lum  in  leveral  Angles,  and  that  their  production  de¬ 
pended  not  upon  the  termination  of  Light  and  Shad- 
dow. 

O  B  S.  VII. 

By  the  Analogy  of  all  thefe  Phenomena  with  thofe  of 
the  like  Rings  of  Colours  defcribed  in  the  fir  ft  Part  of 
this  Book,  it  feemed  to  me  that  thefe  Colours  were 
produced  by  this  thick  plate  of  Glafs,  much  after  the 
manner  that  thole  were  produced  by  very  thin 
plates.  For,  upon  tryal,  I  found  that  if  the  Quick- 
lilver  were  rubbed  off  from  the  back-fide  of  the  Specu¬ 
lum,  the  Glafs  alone  would  caufe  the  fame  Rings  of 
Colours,  but  much  more  faint  than  before  ;  an  dthere- 
Fore  the  Phenomenon  depends  not  upon  the  Quick- 
lilver,  unlefs  fo  far  as  the  Quick-filver  by  the  increafing 
the  reflexion  of  the  back-fide  of  the  Glafs  increafes  the 
Light  of  the  Rings  of  Colours.  I  found  alfo  that  a  Spe¬ 
culum  of  metal  without  Glafs  made  fome  years  fince 
for  optical  ufes,  and  very  well  wrought,  produced  none 
of  tlrofe  Rings ;  and  thence  I  underftood  that  thele 
Rings  arife  not  from  one  lpecular  furface  alone ,  but 
depend  upon  the  two  furfaces  of  the  plate  of  Gluts  vv  here¬ 
of  the  Speculum  was  made,  and  upon  tire  thickneis  o 
the  Glafs  between  them.  For  as  in  the  7th  and  1  ?tir 
Obfervations  of  the  firft  Part  of  this  Book  a  thin  p  ate 


of  Air,  Water,  or  Glafs  of  an  even  thicknefs  appeared 
of  one  Colour  when  the  rays  were  perpendicular  to  it 
of  another  when  they  were  a  little  oblique,  of another 
when  more  oblique,  of  another  when  ftill  more  oblique 
and  lb  on  ;  lb  here,  in  the  fixth  Obfervation,  the  Light 
which  emerged  out  of  the  Glafs  in  leveral  obliquities 
made  the  Glals  appear  of  leveral  Colours,  and  being 
propagated  in  thole  obliquities  to  the  Chart,  there  pain¬ 
ted  Rings  of  thole  Colours.  And  as  the  reafon  why  a 
thin  plate  appeared  of  leveral  Colours  in  leveral  obli¬ 
quities  of  the  rays, was, that  the  rays  of  one  and  the  fame 
fort  are  relieved  by  the  thin  plate  at  one  obliquity  and 
tran fmitted  at  another,  and’tliofe  of  other  forts  tranf- 
mitted  where  thefe  are  reflected,  and  reflected  where 
thele  are  tranfmitted  :  So  the  reafon  why  the  thick 
plate  of  Glafs  whereof  the  Speculum  was  made  did  ap¬ 
pear  of  various  Colours  in  various  obliquities,  and  in 
thole  obliquities  propagated  thofe  Colours  to  the  Chart, 
was,  that  the  rays  of  one  and  the  lame  fort  did  at  one 
obliquity  emerge  out  of  the  Glafs,  at  another  did  not 
emerge  but  were  reflected  back  towards  the  Quick-fi¬ 
ver  by  the  hither  furface  of  the  Glafs,  and  accordingly 
as  the  obliquity  became  greater  and  greater  emerged 
and  were  retleded  alternately  for  many  lucceffions,  and 
that  in  one  and  the  lame  obliquity  the  rays  of  one  fort 
were  te (letted,  and  thole  of  another  tranfmitted.  This 
is  manifeft  by  the  firft  Obfervation  of  this  Book  :  For 
in  that  Obfervation,  when  the  Speculum  was  illumi¬ 
nated  by  any  one  of  the  priliratick  Colours,  that  Light 
made  many  Rings  of  the  fame  Colour  upon  the  Chart 
with  dark  intervals,  and  therefore  at  its  emergence  out 
of  the  Speculum  was  alternately  tranfmitted,  and  not 

tranf- 


tranfmitted  from  the  Speculum  to  the  Chart  for  many 
fucceffions,  according  to  the  various  obliquities  of  its 
emergence.  And  when  the  Colour  call  on  the  Specu¬ 
lum  by  the  Prifin  was  varied,  the  Rings  became  of 
the  Colour  call  on  it,  and  varied  their  bignefs  with  their 
Colour,  and  therefore  the  Light  was  now  alternately 
tranfmitted  and  not  tranfmitted  from  the  Speculum  to 
the  Lens  at  other  obliquities  than  before.  It  feemed  to 
me  therefore  that  thefe  Rings  were  of  one  and  the  fame 
original  with  thofe  of  thin  plates,  but  yet  with  this 
difference  that  thofe  of  thin  plates  are  made  by  the  al¬ 
ternate  reflexions  and  tranfmiffions  of  the  rays  at  the 
fecond  furface  of  the  plate  after  one  paffage  through  it : 
But  here  the  rays  go  twice  through  the  plate  before 
they  are  alternately  refleffed  and  tranfmitted  ;  fir  ft, 
they  go  through  it  from  the  firft  furface  to  the  Quick- 
filver,  and  then  return  through  it,  from  the  Quick -filver 
to  the  firft  furface,  and  there  are  either  tranfmitted  to 
the  Chart  or  reflected  back  to  the  Quick-filver,  ac¬ 
cordingly  as  they  are  in  their  fits  of  eafie  reflexion  or 
tranfmiffion  when  they  arrive  at  that  furface.  For  the 
Intervals  of  the  fits  of  the  rays  which  fall  perpendicu¬ 
larly  on  the  Speculum,  and  are  reflected  back  in  the 
feme  perpendicular  Lines,  by  reafon  of  the  equality  of 
thefe  Angles  and  Lines, are  of  the  fame  length  and  num¬ 
ber  within  the  Glafs  after  reflexion  as  before  by  the 
1 9th  Propofition  of  the  third  Part  of  this  Book.  And 
therefore  fince  all  the  rays  that  enter  through  the  firft 
furface  are  in  their  fits  of  eafy  tranfmiffion  at  their  en¬ 
trance,  and  as  many  of  thefe  as  are  refte&ed  by  the  fe¬ 
cond  are  in  their  fits  of  eafy  reflexion  there,  all  thefe 
mull  be  again  in  their  fits  of  eafy  tranfiniffion  at  their 
v-fL  O  o  return 


return  to  the  firft,  and  by  confequence  there  go  out  of 
the  Glafs  to  the  Chart,  and  form  upon  it  the  white 
Spot  of  Light  in  the  center  of  the  Rings.  For  the  rea- 
fon  holds  good  in  all  forts  of  rays ,  and  therefore  all 
forts  mu  ft  go  out  promilcuoully  to  that  Spot,  and  by 
their  mixture  caule  it  to  be  white.  But  the  intervals 
of  the  fits  of  thole  rays  which  are  relieved  more  ob¬ 
liquely  than  they  enter,  mull  be  greater  after  reflexion 
than  before  by  the  15th  and  20th  Prop.  And  thence 
it  may  happen  that  the  rays  at  their  return  to  the  firft- 
fin  lace,  may  in  certain  obliquities  be  in  fits  of  eafy  re¬ 
flexion,  and  return  back  to  the  Quick-lilver,  and  in 
other  intermediate  obliquities  be  again  in  fits  of  eafy 
tranfmiffion,  and  fo  go  out  to  the  Chart,  and  paint  on 
it  the  Rings  of  Colours  about  the  white  Spot.  And 
becaufe  the  intervals  of  the  fits  at  equal  obliquities  are 
greater  and  fewer  in  the  let's  refrangible  rays,  and  lefs 
and  more  numerous  in  the  more  refrangible,  therefore 
the  lei’s  refrangible  at  equal  obliquities  Jball  make  fewer 
Rings  than  the  more  refrangible,  and  the  Rings  made 
by  thole  dial  l  be  larger  than  the  like  number  of  Rings 
made  by  thefe  ;  that  is,  the  red  Rings  (hall  be  larger 
than  the  yellow,  the  yellow  than  the  green,  the  green 
than  the  blue,  and  the  blue  than  the  violet,  as  they 
were  really  found  to  be  in  the  5th  Obfervation,  And 
therefore  the  firrt  Ring  of  all  Colours  inconi  pa  fling  the 
white  Spot  of  Light  (hall  be  red  without  and  violet 
within,  and  yellow,  and  green,  and  blue  in  the  middle, 
as  it  was  found  in  the  fecond  Obfervation;  and  thefe 
Colours  in  the  fecond  Ring,  and  thole  that  follow  fhall 
be  more  expanded  till  they  i'pread  into  one  another;, 
and  blend  one  another  by  interfering. 


Thefe 


j 


Thefe  feem  to  be  the  reafons  of  thefe  Rings  in  ge¬ 
neral,  and.  this  put  me  upon  obferving  the  thicknefs  of 
the  Glafs,  and  coniidering  whether  the  dimenfions  and 
proportions  of  the  Rings  may  be  truly  derived  from  it 
by  computation. 


O  B  S.  VIII. 

I  meafured  therefore  the  thicknefs  of  this  concavo- 
convex  plate  of  Glals,  and  found  it  every-where  4  of  an 
Inch  precifely.  Now,  by  the  6th  Obfervation  of  the 
fil'd:  Part  of  this  Book,  a  thin  plate  of  Air  tranfmits  the 
brighted  Light  of  the  ftrft  Ring,  that  is  the  bright  yel¬ 
low,  when  its  thicknefs  is  the  ^tlf  part  of  an  Inch, 
and  by  the  10th  Obfervation  of  the  lame  part,  a  thin 
plate  ofGlafs  tranfmits  the  lameLight  of  the  fame  Ring 
when  its  thicknefs  is  lei’s  in  proportion  of  the  fine  of 
refra&ion  to  the  fine  of  incidence,  that  is,  when  its 
thicknefs  is  the  ~~  th  or  „;^th  part  of  an  Inch,  lup- 
pofing  the  fines  are  as  n  to  17.  And  if  this  thicknefs 
be  doubled  it  tranfmits  the  fame  bright  Light  of  the 
fecond  Ring,  if  tripled  it  tranfmits  that  of  the  third, 
and  fo  on,  the  bright  yellow  Light  in  all  thele  cafes  be¬ 
ing  in  its  fits  of  tranfmlfiion.  And  therefore  if  its  thick- 
nels  be  multiplied  3 4 $86  times  fo  as  to  become  ■  of  an 
Inch  it  tranfmits  rhe  fame  bright  Light  of  the  343  86th 
king.  Suppole  this  be  the  bright  yellow  Light  trail  1- 
mitted  perpendicularly  from  the  reflecting  convex  fide 
of  the  Glals  through  the  concave  fide  to  the  white  Spot 
in  the  center  of  the  Rings  of  Colours  on  the  Chart :  And 
by  a  rule  in  the  leventh  Obfervation  in  the  firft  Fait  of 
the  fir d  Book,  and  by  the  15th  and  20th  Propolitions 


[ioo] 

of  the’ third  Part  of  this  Book,  if  the  rays  be  made  ob¬ 
lique  to  the  Glafs,  the  thicknefs  of  the  Glafs  requi- 
fite  to  tranfrait  the  fame  bright  Light  of  the  fame  Ring 
in  any  obliquity  is  to  this  thicknefs  of  |  of  an  Inch,  as 
the  fecant  of  an  Angle  whole  line  is  the  firft  of  an  hun¬ 
dred  and  fix  arithmetical  means  between  the  fines  of 
incidence  and  refraction,  counted  from  the  fine  of  inci¬ 
dence  when  the  refraction  is  made  out  of  any  plated  Bo¬ 
dy  into  any  medium  incompaffing  it,  that  is,  in  this  cafe, 
out  of  Glafs  into  Air.  :Nowif  the  thicknefs  of  the  Glafs, 
be  increafed  by  degrees, fo  as  to  bear  to  its  firft  thicknefs, 
(viz.  that  of  a. quarter  of  an  Inch  )  the  proportions 
which  3438.6  (the  number  of  fits  of  the  perpendicular 
rays  in  going  through  the  Glafs  towards  the  white  Spot 
In  the  center  of  the  Rings,)  hath  to  34.385,  34384, 
34383  and  34  3  8  a  (the  numbers  of  thefits  of  the  oblique 
rays  in  going  through -the 'Glafs  towards  the  firft,  Se¬ 
cond,  third  and  fourth  Rings  of  Colours,)  and  if  the 
firft  thicknefs  be  divided  into  100000600  equal  parts,? 
the  increafed  thicknefifes  will  be  160002908,  100005,8*4*, 
100001725  and  ioooh633j  and  the  Angles  of  which  thefe 
thickneffes  are  fecants  will  be.  26'  13",  37'  45'  6"  and 

52'  26",  the  Radius  being  100000000  ;  and  the  fines  of 
thefe  Angles  are  762,  1679,  1321  and  1525,  and  the 
proportional  fines  of refraCtion  1172,  1659,  2031  and.- 
2345,  the -Radius  being  100000.  For  fitice  the  fines 
of  incidence  out  of  Glafs  into  Air  are  to  the  fines 
of  refraCtion  as  ii  to  17,  andito  the  above-mentioned 
fecants  as  x  1  to  -the  firft  of  i'o6  arithmetical  means 
between  if kand;  17,  that  is  ascrf  to  14^,.  thofe  fe« 
cants  will  be  to  the  fines  of  refraction  as  nf^to.  17, 
and  by  this  Analogy  will  give  thefe  fines./  So- then 
■->  .. 


t 


•  [  IOI  ] 

if  the  obliquities  of  the  rays  to  the  concave  furfiicc  of 
the  Glafs  be  iuch  that  the  fines  of  their  refraction  in 
paffing  out  of  the  Glafs  through  that  iurface  into  the 
Air  be  117a,  1659,  0031,  034.5,  the  bright  Light  of 
the  34386th  Ring  fhall  emerge  a  t  the  thicknefles  of  the 
Glafs  which  are  to  I  of  an  Inch  as  34386  to  343 85, 
34384,  34383,  34382,  refpeftively,  And  therefore  if 
the  thickneis  in  all  thefie  cafes  be]  of  an  Inch  (as  it  is  in 
the  Glafs  of  which  the  Speculum  was  made)  the  bright 
Light  of  the  343  85th  Ring  fhall  emerge  where  the  fine 
of  retraction  is  1 172,  and  that  of  the  34384th,  384383th 
and  34382th  Ring  where  the  fine  is  1659,  2031,  and 
2345  relpebtively.  And  in.  thefe,  Angles  of  refraction 
the  Light  of  thel’e  Rings  fhall  be  propagated  from  the 
Speculum  to  the  Chart,  and  there  paint  Rings  about  the 
white  central  round  Spot  of  Light  which  we  laid  was 
the  Light  of  the  34386th  Ring.  And  the  Semidiame¬ 
ters  of  thefe  Rings  fhall  lubtend  the  Angles  of  refraction 
made  at  the  concave  Iurface  of  the  Speculum,  and  by 
confequence  their  Diameters  fhall  be  to  the  diltance  of 
the  Chart  from  the  Speculum  as  thofe  fines  of  refraction 
doubled  are  to  the  Radius  that  is  as  1172,1659,  2031, 
and  2345,  doubled  are  to  100000.  And  therefore  if 
the  diftance  of  the  Chart  from  the  concave  iurface  of 
the  Speculum  be  fix  Feet  (as  it  was  in  the  third  of  thefe 
Obfervations)  the  Diameters  of  the  Rings  of  this  bright 
yellow  Light  upon  the  Chart  fhall  be  1  *588,  .2  $89, 
a’9'25,1  j’375  Inches  :  For  thefe  Diameters  are  to  6  Feet 
as  the  above-mentioned  fines  doubled  are  to  the  Radius, 
Now  thefe  Diameters  of  the  bright  yellow  Rings,  thus 
found  by  computation  are  the  very  lame  with  thole 
found  in  the  third  of  thefe  Obfervations  by  ineaiurmg 

’  them,. 
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them,  (vk.  with  ifT  °-'h  ■>  and  3*- Inches,  and  there¬ 
fore  the  Theory  of  deriving  thefe  Rings  from  the  thick- 
nefs  of  the  plate  of  Glafs  of  which  the  Speculum  was 
made,  and  from  the  obliquity  of  the  emerging  rays  agrees 
with  the  Obfervation.  I11  this  computation  I  have 
equalled  the  Diameters  of  the  bright  Rings  made  by 
Light  of  all  Colours,  to  the  Diameters  of  the  Rings 
made  by  the  bright  yellow.  For  this  yellow  makes  the 
brighteft  part  of  the  Rings  of  all  Colours.  If  you  defire 
the  Diameters  of  the  Rings  made  by  the  Light  of  any 
other  unmixed  Colour,  you  may  find  them  readily  by 
putting  them  to  the  Diameters  of  the  bright  yellow  ones 
in  a  fubduplicate  proportion  of  the  intervals  of  the  fits 
of  the  rays  of  thofe  Colours  when  equally  inclined  to 
the  refracting  or  reflecting  furface  which  caufed  thofe 
fits,  that  is,  by  putting  the  Diameters  of  the  Rings  made 
by  the  rays  in  the  extremities  and  limits  of  the  feven 
Colours,  red,  orange,  yellow,  green,  blue,  indico,  violet, 
proportional  the  Cube-roots  of  the  numbers,  1, 
f,|,  %,{,  which  exprefs  the  lengths  of  a  Monochard 
founding  the  notes  in  an  Eight :  For  by  this  means  the 
Diameter  of  the  Rings  of  thefe  Colours  will  be  found 
pretty  nearly  in  the  fame  proportion  to  one  another, 
which  they  ought  to  have  by  the  fifth  of  thefe  Obfer- 
vations. 

And  thus  I  fatisfied  my  felf  that  thefe  Rings  were  of 
the  fame  kind  and  original  with  thofe  of  thin  plates, 
and  by  conlequence  that  the  fits  or  alternate  difpofi- 
tions  of  the  rays  to  be  reflected  and  tranfmitted  are  pro¬ 
pagated  to  great  diftances  from  every  reflecting  and  re¬ 
tracting  furface.  But  yet  to  put  the  matter  out  of  doubt 
I  added  the  following  Obfervation. 

O  B  S. 


O  B  S.  IX. 


If  thefe  Rings  thus  depend  on  the  thicknefs  of  the  plate 
ofGlals  their  Diameters  at  equal  diftances  from  feveral 
Speculums  made  of  luch  concavo-convex  plates  of  Glafs 
as  are  ground  on  the  lame  Sphere,  ought  to  be  recipro¬ 
cally  in  a  lubduplicate  proportion  of  the  thickneffes  of 
the  plates  ot  Glafs.  .  And  if  this  proportion  be  found 
true  by  experience  it  will  amount  to  a  demonftration 
that  thefe  Rings  ( like  thofe  formed  in  thin  plates )  do 
depend  on  the  thicknefs  of  the  Glafs.  I  procured  there¬ 
fore  another  concavo-convex  plate  of  Glafs  ground  on 
both  fides  to  the  fame  Sphere  with  the  former  plate  : 
Its  thicknefs  was  l,  parts  of  an  Inch  and  the  Diameters 
of  the  three  firft  bright  Rings  mealured  between  the 
brighteft  parts  of  their  orbits  at  the  diftance  of  6  Feet 
from  the  Glafs  were  3.  5$.  Inches.  Now  the  thick¬ 

nefs  of  the  other  Glafs  being  \  of  an  Inch  was  to  thick¬ 
nefs  of  this  Glafs  as~toi>  that  is  as  31  to  10,  or 
j  1 0000000  to  ioooooooo^  and  the  roots  of  thefe  numbers 
are  17607  and  10000,  8c  in  the  proportion  of  the  fir  ft 
of  thefe  roots  to  the  l'econd  are  the  Diameters  of  the 
bright  Rings  made  in  this  Oblervation  by  the  thinner 
Glafs,  3.  44.  5I  to  the  Diameters  of  the  fame  Rings  made 
in  the  third  of  thefe  Obfervations  by  the  thicker  Glafs 
iu.  in,  that  is,  the  Diameters  of  the_Riflgs  are  reci¬ 
procally  in  a  lubduplicate  proportion  of  thickneffes  of 
the  plates  of  Glafs. 

So  then  in  plates  of  Glafs  whichare  alike  concave  on, 
one  hde,  and  alike  convex  on  the  other  fide,,  and  alike, 
quick-fil  vered  on  the  convex  fides,  and  differ  in  nothing. 

but 
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but  their  thicknefs,  the  Diameters  of  the  Rings  are  re¬ 
ciprocally  in  a  fubduplicate  proportion  of  the  thickneffes 
of  the  plates.  And  this  fhews  fufficiently  that  the  Rings 
depend’  on  both  the  furfaces  of  the  Glafs.  They  de¬ 
pend  on  the  convex  furface  becaufe  they  are  more  lu¬ 
minous  when  that  furface  is  quick-filvered  over  than 
when  it  is  without  Quick-filver.  They  depend  alfo 
upon  the  concave  furface,  becaufe  without  that  furface 
a  Speculum  makes  them  not.  They  depend  on  both 
furfaces  and  on  the  diftances  between  them ,  becaufe 
their  bignefs  is  varied  by  varying  only  that  diftance. 
And  this  dependance  is  of  the  fame  kind  with  that 
which  the  Colours  of  thin  plates  have  on  the  diftance 
of  the  furfaces  of  thofe  plates ,  becaufe  the  bignefs 
of  the  Rings  and  their  proportion  to  one  another, 
and  the  variation  of  their  bignefs  arifing  from  the  varia¬ 
tion  of  the  thicknefs  of  the  Glafs,  and  the  orders  of 
their  Colours,  is  fuch  as  ought  to  rel'ult  from  the  Propo- 
fitions  in  the  end  of  the  third  Part  of  this  Book,  derived 
from  the  the  Phenomena  of.  the  Colours  of  thin  plates 
fet  down  in  the  firft  Part. 

There  are  yet  other  Phenomena  of  thefe  Rings  of 
Colours  but  fuch  as  follow-  from  the  fame  Propofitions, 
and  therefore  confirm  both  the  truth  of  thofe  Propofi¬ 
tions,  and  the  Analogy  between  thefe  Rings  and  the 
Rings  of  Colours  made  by  very  thin  plates.  I  fhall 
•fubjoyn  fome  of  them.. 
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When  the  beam  of  the  Sun’s  Light  was  reflected  back 
from,  the  Speculum  not  directly  to  the  Hole  in  the  Win¬ 
dow,  but  to  a  place  a  little  diftant  from  it,  the  common 
center  of  that  Spot,  and  of  all  the  Rings  of  Colours  fell 
in  the  middle  way  between  the  beam  of  the  incident 
Light,  and  the  beam  of  the  reflected  Light,  and  by 
conlequence  in  the  center  of  the  fpherical  concavity  of 
the  Speculum,  whenever  the  Chart  on  which  the  Rings 
of  Colours  fell  was  placed  at  that  center.  And  as  the 
beam  of  reflected  Light  by  inclining  the  Speculum  re¬ 
ceded  more  and  more  from  the  beam  of  incident  Light 


and  from  the  common  center  of  the  coloured  Rings  be¬ 
tween  them,  thole  Rings  grew  bigger  and  bigger,  and 
fo  alfo  did  the  white  round  Spot, and  new  Rings  of  Co¬ 
lours  emerged  fucceffively  out  of  their  common  center, 
and  the  white  Spot  became  a  white  Ring  encompaffing 
them  ;  and  the  incident  and  reflected  beams  of  Light 
always  fell  upon  the  oppofite  parts  of  this  Ring,  illumi¬ 
nating  its  perimeter  like  two  mock  Suns  in  the  oppofite 
parts  of  an  Iris.  So  then  the  Diameter  of  this  Ring, 
meafured  from  the  middle  of  its  Light  on  one  fide  to 
the  middle  of  its  Light  on  the  other  fide,  was  always 
equal  to  the  diftance  between  the  middle  of  the  incident 
beam  of  Light,  and  the  middle  of  the  reflected  beam 
meafured  at  the  Chart  on  which  the  Rings  ^PPfa^e  ' 
And  the  rays  which  formed  this  Ring  were  reflected  by 
the  Speculum  in  Angles  equal  to  their  Angles  of  inci¬ 
dence,  and  by  conlequence  to  their  Angles  of  refrajflion 
at  their  entrance  into  the  Glafs,  but  yet  then 
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reflexion  were  not  in  the  lame  planes  with  their  Angles 
of  incidence. 


O  B  S.  XI. 

The  Colours  of  the  new  Rings  were  in  a  contrary 
order  to  thofe  of  the  former,  and  arofe  after  this  man¬ 
ner.  The  white  round  Spot  ol  Light  in  the  middle  of 
the  Rings  continued  white  to  tire  center  till  the  diftance 
of  the  incident  and  reflected  beams  at  the  chart  was 
about  l  parts  of  an  Inch,  and  then  it  began  to  grow 
dark  in  the  middle.  And  when  that  diftance  was  about 
i]6  of  an  Inch,  the  white  Spot  was  become  a  Ring  en- 
compaffing  a  dark  round  Spot  which  in  the  middle  in¬ 
clined  to  violet  and  indico.  And  the  luminous  Rings 
incompaffing  it  were  grown  equal  to  thofe  dark  ones 
which  in  the  four  firft  Obfervations  encompaffed  them, 
that  is  to  fay,  the  white  Spot  was  grown  a  white  Ring 
equal  to  the  firft  of  thofe  dark  Rings,  and  the  firft  of 
thofe  luminous  Rings  was  now  grown  equal  to  the  fe- 
cond  of  thofe  dark  ones,  and  the  lecond  of  thofe  lumi¬ 
nous  ones  to  the  third  of  thofe  dark  ones,  and  fo  om 
For  the  Diameters  of  the  luminous  Rings  were  now  ifj, 
afei'a}-*  3*5,  Inches. 

When  the  diftance  between  the  incident  and  reflected 
beams  of  Light  became  a  little  bigger,  there  emerged 
out  of  the  middle  of  the  dark  Spot  after  the  indico  a 
blue,  and  then  out  of  that  blue  a  pale  green,  and  foon 
after  a  yellow  and  red.  And  when  the  Colour  at  the 
center  was  brighteft,  being  between  yellow  and  red, 
the  bright  Rings  were  grown  equal  to  thofe  Rings  which 
in  the  four  firft  Obfervations  next  encompaffed  them,; 
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that  is  to  lay,  the  white  Spot  in  the  middle  of  thole 
j^ino-s  was  now  become  a  white  Ring  equal  to  the  lirft 
of.  thole  bright  Rings,  and  the  lirft  of  thole  bright  ones 
was  now  become  equal  to  the  iecond  of  thofe,  and  fo 
on.  For  the  Diameters  of  tlie  white  Rings,  and  of  the 
other  luminous  Rings  incompafling  it,  were  now  itt, 
2#  a .p’,c'e.  or  thereabouts. 

When  f  he  d' fiance  of  the  two  beams  of  Light  at  the 
Chart  was  a  little  more  increaled,  there  emerged  out 
of  the  middle  in  order  alter  the  red,  a  purple,  a  blue, 
a  green,  a  yellow,  arid  a  red  inclining  much  to  purple, 
and  when  the  Colour  was  brightell  being  between  yel¬ 
low  and  real,  the  former  indico,  blue,  green,  yellow  and 
red,  were  become  an  Iris  or  Ring  of  Colours  equal 
to  the  lirft  of  thofe  luminous  Rings  which  appeared  in 
the  four  lirft  Oblervations,  and  the  white  Ring  which 
was  now  become  the  Iecond  ot  the  luminous  Rings  was. 
grown  equal  to  the  Iecond  ol  thole,  and  the  fitft  of 
thole  which  was  now  become  the  third  Ring  was  be¬ 
come  the  third  ol  thofe,  and  to  on.  h or  then  Diame¬ 
ters  were  i  ,  o'  ,  2'- ,  Inches,  the  diftanct  of  the 
two  beams  of  1  «ight,  and  the  Diameter  ol  the  white 


ui|^  mCiiid  lmhes.  t 

When  theie  two  beams  became  more  diftant  there 
emerged  out  of  the  middle  of  the  purplilb  red,  iiift  a 

darker  round  Spot,  and  t  hen  out  ot  the  middle  of  that 

Spot  a  brighter.  And  now  the former  Colours  (purple, 
blue,  green,  yellow,  and  purplilb  red)  were  become  a 
Ring  equal  to  the  lirft  of  the  bright  Rings  mentioned .m 
the  four  lirft  Oblervations,  and  the  Ring  about  tins 
Ring  were  grown  equal  to  the  Rings  about  that  re- 
ipedivcly  ;  the  diftunce  between  the  two  beams  ml 
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Light  and  the  Diameter  of  the  white  Ring  (  which 
was  now  become  the  third  Ring  )  being  about  g  In¬ 
ches. 

The  Colours  of  the  Rings  in  the  middle  began  now 
to  grow  very  dilute,  and  if  the  diftance  between  the 
two  beams  was  increafed  half  an  Inch,  or  an  Inch  more, 
they  vanifhed  whilft  the  white  Ring,  with  one  or  two 
of  the  Rings  next  it  on  either  fide,  continued  ftill  vi- 
fible.  But  if  the  diftance  of  the  two  beams  of  Light 
was  ftill  more  increafed  thefe  alfo  vanifhed:  For  the 
Light  which  coming  from  feveral  parts  of  the  Hole  in 
the  Window  fell  upon  the  Speculum  in  feveral  Angles  of 
incidence  made  Rings  of  feveral  bignefles,  which  diluted 
and  blotted  out  one  another,  as  I  knew  by  intercepting 
fome  part  of  that  Light.  For  if  I  intercepted  that  part 
which  was  neareft  to  the  Axis  of  the  Speculum  the 
Rings  would  be  lefs,  if  the  other  part  which  was  re- 
moteft  from  it  they  would  be  bigger. 

O  B  S.  XII. 

When  the  Colours  of  the  Brifm  were  caft  fuccefiively 
on  the  Speculum,  that  Ring  which  in  the  two  laft  Ob- 
iervations  was  white,  was  of  the  fame  bignefs  in  all  the 
Colours,  but  the  Rings  without  it  were  greater  in  the 
green  than  in  the  blue,  and  ftill  greater  in  the  yellow, 
and  greateft  in  the  red.  And,  on  the  contrary,  the- 
Rings  within  that  white  Circle  were  lefs  in  the  green 
than  in  the  blue,  and  ftill  lefs  in  the  yellow,  and  leaft 
in  the  red.  For  the  Angles  of  reflexion  of  thofe  rays 
which  made  this  Ring  being  equal  to  their  Angles  of 
incidence,  the  fits  of  every  reflected  ray  within  the  Glafs 

after 
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after  reflexion  are  equal  in  length  and  number  to  the 
fits  of  the  lame  ray  within  the  Gluts  before  its  incidence 
on  the  reflecting  lurtace;  and  therefore  lince  all  live  rays 
of  all  forts  at  their  entrance  into  theGlafs  were  in  a  fit 
of  tranliniflion,  they  were  alfo  in  a  fit  of  trail  I’m  i  ill  on  at 
their  returning  to  the  fame  fur  lace  after  reflexion ;  and 
by  confcqueiK  c  w  ere  tranlinitted  and  went  out  to  the 
white  Ring  on  the  ( '.hart.  'I 'his  is  the  reafon  why  that 
Ring  was  of  t  he  lame  hignefs  in  all  the  Colours,  and 
why  in  a  mixture  of  all  it  appears  white.  But  in  rays 
which  are  reflected  in  other  Angles,  the  intervals  of  the 
fits  of  the  lea  It  refrangible  being  greateit,  make  the 
Rings  of  their  Colour  in  their  progrefs  from  this  white 
Ring,  either  outwards  or  inwards,  increafe  or  decreafe 
by  the  greateit  (taps  ■  lb  that  the  Rings  of  this  Colour 
without  are  greateit,  and  within  lealt.  And  this  is  the 
reafon  why  in  the  halt  Oblervation,  when  the  Specu¬ 
lum  was  illuminated  with  white  Light,  the  exterior 
Rings  made  by  all  Colours  appeared  red  without  and 
blue  within,  and  the  interior  blue  without  and  red 
within. 

Thele  are  t  he  Phamomena  of  thick  convexo-concave 
plates  of  Gluts,  which  are  every  where  of  the  fame 
thicknds.  There  are  yet  other  Phenomena  when  thele 
plates  are  a  little  thicker  on  one  fide  than  on  the 
other,  and  others  when  the  plates  are  more  or  lets  con¬ 
cave  than  convex,  or  plano-convex,  or  double-convex.^ 
For  in  all  thele  cafes  the  plates  make  Rings  of  Colours,  I 
but  after  various  manners  ;  all  which,  fo  far  as  I  have 
yetobferved,  follow  from  the  Propofitions  in  the  end 
of  the  third  part  of  this  Book,  and  fo  conipi  re  to  con¬ 
firm  the  truth  of  thole  Propofitions.  But  the  Pheno¬ 
mena 
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menu  are  too  various,  and  the  Calculations  whereby 
they  follow  from  thole  Propofitions  too  intricate  to  be 
here  profecuted.  I  content  my  felf  with  having  profe- 
cuted  this  kind  of  Phenomena  to  far  as  to  difeover  their 
caule,  and  by  difeovering  it  to  ratify  the  Propofitions 
in  the  third  Part  of  this  Book. 

O  B  S.  XIII. 

As  Light  reflected  by  a  Lens  quick-filvered  on  the 
back-tide  makes  the  Rings  of  Colours  above  de- 
feribed,  ifo  it  ought  to  make  the  like  Rings  of  Colours 
in  puffing  through  a  drop  of  Water.  At  the  firft  re¬ 
flexion  of  the  rays  within  the  drop,  fome  Colours  ought 
to  be  tranfniitted,  as  in  the  cafe  of  a  Lens,  and  others 
to  be  reflected  back  to  the  Eye.  For  inftance,  if  the 
Diameter  of  a  final!  drop  or  globule  of  Water  be  about 
the  500th  part  of  an  Inch,  fo  that  a  red-making  ray  in 
palling  through  the  middle  of  this  globule  has  250  fits 
of  eafy  tranfmiffion  within  the  globule,  and  that  all  the 
red-making  rays  which  are  at  a  certain  diftance  from 
this  middle  ray  round  about  it  have  24-9  fits  within  the 
globule,  and  all  the  like  rays  at  a  certain  further  di¬ 
ftance  round  about  it  have  248  fits,  and  all  thofe  at  a 
certain  further  diftance  247  fits,  and  fo  on  •  thefe  con- 
centrick  Circles  of  rays  after  their  tranfmiffion,  falling 
on  a  white  Paper,  will  make  concentrick  rings  of  red 
upon  the  Paper ,  fuppofing  the  Light  which  paffes 
through  one  lingle  globule  ftrong  enough  to  be  fenfible. 
And,  in  like  manner,  the  rays  of  other  Colours  will 
make  Rings  of  other  Colours.  Suppofe  now  that  in  a 
fair  day  the  Sun  lhines  through  a  thin  Cloud  of  fuch 
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globules  of  Water  or  Hail,  and  that  the  globules  are  all 
of  the  lame  biguefs,and  the  Sun  feen  through  this  Cloud 
fliall  appear  incompalfed  with  the  like  concentrick  Rinqs 
of  Colours,  and  the  Diameter  of  the  firft  Ring  0f  red 
lhall  be  7'-  degrees,  that  of  the  fecond  lot  degrees,  that 
of  the  third  12  degrees  33  minutes.  And  accordingly 
as  the  globules  of  Water  are  bigger  or  lefs,  the  Rings 
(hall  be  lets  or  bigger.  This  is  the  Theory,  and  expe¬ 
rience  anhvers  it.  bor  in  ''filin’.  1 69a. 1  law  by  reflexion 
in  a  Veflel  ot  Ihignating  Water  three  Halos  Crowns  or 
Rings  of  Colours  about  the  Sun,  like  tliree  little  Rain¬ 
bow's,  concentrick  to  his  Body.  I  he  Colours  of  the 
firft  or  inner  molt  Crown  were  blue  next  the  Sun,  red 
without,  and  white  in  the  middle  between  the  blue 
and  red.  Thole  of  the  fecond  Crown  were  purple  and 
blue  within,  and  pale  red  without,  and  green  in  the 
middle.  And  thole  of  the  third  were  pale  blue  with¬ 
in,  and  pale  red  without ;  thele  Crowns  inclofed  one 
another  immediately,  fo  that  their  Colours  proceeded 
in  this  continual  order  from  the  Sim  outward :  blue, 
white,  red  ;  purple,  blue,  green,  pale  yellow  and  red ; 
pale  blue,  pale  red.  The  Diameter  of  the  fecond  Crown 
mealii  red  from  the  middle  of  the  yellow  and  red  on  one 
fide  of  the  Sun,  to  the  middle  of  the  fame  Colour  on 
the  other  ikle  was  9-'  degrees,  or  thereabouts.  The  Dia¬ 
meters  of  the  firft  and  third  1  had  not  time  to  meafnre, 
but  that  of  the  lirll  leaned  to  be  about  live  or  fix  de¬ 
grees,  and  that  of  the  third  about  twelve.  The  like 
Crowns  appear  fomctimes  about  the  Moon ;  for  in  the 
beginning  of  the  year  1664,  .Mr.  19th  at  night,  I  law 
two  fiich  Crowns  about  her.  The  Diameter  of  die  firft 
orinnermolt  was  about  three  degrees,  and  that  of  the 
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fecond  about  five  degrees  and  an  half.  Next  about  the 
Moon  was  a  Circle  of  white,  and  next  about  that  the 
inner  Crown  which  was  of  a  bluifh  green  within  next  the 
white,  and  of  a  yellow  and  red  without,  and  next  about 
thefe  Colours  were  blue  and  green  on  the  infide  of  the 
outward  Crown,  and  red  on  the  outfide  of  it.  At  the 
lame  time  there  appeared  a  Halo  about  aa  degrees  35- 
diftant  from  the  center  of  the  Moon.  It  was  Elliptical 
and  its  long  Diameter  was  perpendicular  to  the  Horizon 
verging  below  fartheft  from  the  Moon.  I  am  told  that 
the  Moon  has  fometimes  three  or  more  concentrick 
Crowns  of  Co  lours  incompaffing  one  another  next  about 
her  Body.  The  more  equal  the  globules  of  Water  or 
Ice  are  to  one  another,  the  more  Crowns  of  Colours 
will  appear,  and  the  Colours  will  be  the  more  lively. 
The  Halo  at  the  diftance  of  aaj  degrees  from  the  Moon 
is  of  another  fort.  By  its  being  oval  and  remoter  from 
the  Moon  below  than  above,  I  conclude,  that  it  was 
made  by  refraftion  in  l'ome  fort  of  Hail  or  Snow  floating 
in  the  Air  in  an  horizontal  Pofture,  the  refracting  Angle 
being  about  58  or  60  degrees. 
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Ronaldo  Ini'  informed  us,  that  if  u  beam  of  the 
Sun’s  Liftht  be  let  into  a  dark  Room  through  a 
ihatlows  of  thing'*  in  this  1  .i&ht 
it  the  rays  went 
hues,  and  that  thefe  Iha- 


js  or  ranks  oi  eo- 
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I  made  in  a  piece  of  Lead  a  final l  Hole  with  a  Pin, 
whofe  breadth  was  the  4.2  th  part  of  an  Inch.  For  a  i 
of  thole  Pins  laid  together  took  up  the  breadth  of  half 
an  inch.  Through  this  Hole  1  let  into  my  darkened 
Chamber  a  beam  of  the  Sun’s  Light,  and  found  that  the 
(hudows  of 'Hairs, Timed, Pins, Straws,  and  fucli like  lien- 
derfublhmces  placed  in  this  beam  of  Light,  wereconlider- 
abjy  broader  than  they  ought  to  be,  if  the  rays  of  Light 
palled  on  by  thele  Bodies  in  right  Lines.  And  particu¬ 
larly  a  Hair  of  a  Man’s  Head,  whole  breadth  was  but 
the -280th  part  of  an  Inch,  being  held  in  this  Light,  at 
the  diitance  of  about  twelve  Feet  from  the  Hole,  did 
call  a  (barlow  which  at  the  diitance  of  four  Inches  from 
the  Hair  was  the  lixtieth  part  of  an  Inch  broad,  that  is, 
above  four  times  broader  than  the  Hair,  and  at  the  di¬ 
itance  of  two  Feet  from  the  Hair  was  about  the  eight 
and  twentieth  part  of  an  Inch  broad,  that  is,  ten  times 
broader  than  the  Hair,  and  at  the  diitance  of  ten  Feet 
was  the  eighth  part  of  an  Inch  broad,  that  is  45  times 
broader. 

Nor  is  it  material  whether  the  Hair  be  incompaffed 
with  Air,  or  with  any  other  pellucid  fubltance.  For  1 
wetted  a  poliihed  plate  of  Glafs,  and  laid  the  Hair  in 
the  Water  upon  the  G’lals,  and  then  laying  another  po¬ 
lilhed  plate  of  Gluts  upon  it,  lb  that  the  Water  might 
fill  up  the  (pace  between  the  Glalles,  l  held  them  in 
the  a fo relaid  beam  of  Light,  lb  that  the  Light  might 
pals  through  them  perpendicularly,  and  the  lhadow 
of  the  1  lair  was  at  the  lame  diltanecs  as  big  as  before. 


fhe  (hadows  of  (cratches'  made  in  polifhed  plates  df 
Glafs  were  alfo  much  broader  than  they  ought  to  be, 
nd  the  Veins  iu  polifhed  plates  of  Glafs  did  a  lib  cult  the 
like  broad  (hadows.  And  therefore  the  great  breadth 
ofthefe  (hadows  proceeds  from  tome  other  cuule  than 

the  refraction  of  the  Air.  _  _  _ 

get  the  Circle  X  reprelent  the  middle  of  the  Hair ;  fig.  i 
ADG  BEH,  CF1,  three  rays  pa  fling  by  one  fide  of 
the  Hair  at  leveral  diftances;  K  N  Q,  LOR,  MRS, 
three  other  rays  palling  by  the  other  fide  of  the  Hair  at 
the  like  diftances ;  D,  E,  Fund  N,  O,  F,  the  places 
where  the  rays  are  bent  in  their  paflage  by  the  Hair ; 

G,H,  I  and  Q,  R,  S,  the  places  where  the  rays  tall  on 
a  Paper  GQ.;  1 S  the  breadth  of  the  ihadow  of  the  Hair 
call  on  the  Paper,  and  T  1,  V  S,  two  rays  palling  to  the 
points  I  and  S  without  bending  when  the  Hair  is  taken 
away,  And  it’s  xnanifeft  that  all  the  Light  between 
thefe  two  rays  A I  and  VS  is  bent  in  palling  by  the 
Hair,  and  turned  afide  from  the  Ihadow  IS,  hecaule  if 
any  part  of  this  Light  were  not  bent  it  would  fall  on 
the  Paper  within  the  fliadow,  and  there  illuminate  the 
Paper  contrary  to  experience.  And  becaufe  when  the 
Paper  is  at  a  great  diftance  from  the  Hair,  the  Ihadow 
is  broad,  and  therefore  the  rays  Ti  and  VS  are  at  a 
great  diftance  from  one  another,  it  follows  that  the 
Hair  ads  upon  the  rays  of  Light  at  a  good  diftance  in 
their  palling  by  it.  But  the  action  is  Ifrongeft  on  the 
rays  which  pals  by  at  lea  ft  diftances,  and  grows  weaker 
and  weaker  accordingly  as  the  rays  pals  by  at  .diftances 
greater  and  greater,  as  is  reprcfenivd  in  the  Scheme; 

For  thence  it  comes  to  pats,  that  the  ihadow  of  the 
Hair  is  much  broader  in' proportion  to  the  diftance  of 
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the  Paper  from  the  Hair,  when  the  Paper  is  nearer  the 
Hair  than  when  it  is  at  a  great  diftance  from  it. 

O  B  S.  II. 

The  fluidows  of  all  Bodies  (  Metals,  Stones,  Glafs, 
Wood,  Horn,  lee,  is'e. )  in  this  Light  were  bordered 
with  three  parallel  fringes  or  hands  of  coloured  Light, 
whereof  that  which  was  contiguous  to  the  lluidow  was 
hroadcft  and  molt  luminous,  and  that  which  was  re¬ 
mote  It  from  it  was  narrowed,  and  lb  faint,  as  not  eafily 
to  be  vifible.  It  was  difficult  to  diffinguilh  the  Colours 
tin lels  when  the  Light  fell  very  obliquely  upon  afmooth 
Paper,  or  fome  other  fmooth  white  Body,  lo  as  to  make 
them  appear  much  broader  than  they  would  otherwile 
do.  And  then  the  Colours  were  plainly  viiible  in  this 
order  :  The  lirlt  or  innermolt  fringe  was  violet  and  deep 
blue  next  the  fhadovv,  and  then  light  blue,  green  and 
yellow  in  the  middle,  and  red  without.  The  lecond 
fringe  was  almoft  contiguous  to  the  firft,  and  the  third 
to  the  lecond,  and  both  were  blue  within  and  yellow 
and  red  without,  but  their  Colours  were  very  faint 
efpecially  thole  of  the  third.  The  Colours  therefore 
proceeded  in  this  order  from  the  fhadovv,  violet,  indico, 
pale  blue,  green,  yellow,  red ;  blue,  yellow,  red  •  pale 
blue,  pale  yellow  and  red.  The  ihadows  made  by 
lcratches  and  bubbles  in  polilhed  plates  of  Glafs  were 
bordered  with  the  like  fringes  of  coloured  Light.  And 
if  plates  of  Looking-glals  (loop’d  off  near  the  edges  with 
a  Diamond  cut,  be  held  in  the  lame  beam  of  Light,  the 
Light  which  paffes  through  the  parallel  planes  of  the 
Glafs  will  be  be  bordered  with  the  like  fringes  of  Co¬ 
lours 


lours  where  thole  Planes  meet  with  the  Diamond  cut, 
and  by  this  means  there  will  lbmetimes  appear  four  or 
five  fringes  of  Colours.  Let  AB,  CD  reprefent  the  Fig, 
parallel  planes  of  a  Looking-glafs,  and  BD  the  plane 
of  the  Diamond-cut,  making  at  B  a  very  obtufe  Angle 
with  the  plane  A  B.  And  let  all  the  Light  between  the 
rays  EN I  and  FBM  pals  directly  through  the  parallel 
planes  of  the  Glals,  and  fall  upon  the  Paper  between  I 
and  M,  and  all  the  Light  between  the  rays  GO  and 
HD  be  re  fra  died  by  the  oblique  plane  of  the  Diamond 
cut  B  D,and  fall  upon  the  Paper  between  K  and  L ;  and 
the  Light  which  pafifes  diredily  through  the  parallel 
planes  of  the  Glals,  and  fills  upon  the  Paper  between 
I  and  M,  will  be  bordered  with  three  or  more  fringes 
at  M. 

o  B  s.  nr. 

When  the  Hair  was  twelve  Feet  diftant  from  the 
Hole,  and  its  lhadow  fell  obliquely  upon  a  flat  white 
fade*  of  Inches  and  parts  of  an  Inch  placed  half  a  Foot 
beyond  it,  and  alfo  when  the  lhadow  fell  perpendicu¬ 
larly  upon  the  fame  l'cale  placed  nine  Feet  beyond  it; 

I  meafured  the  breadth  of  the  lhadow  and  fringes  as 
accurately  as  I  could,  and  found  them  in  parts  of  an 
Inch  as  follows. 


At  the  dt fiance  of 


The  breadth  of  the  Shadow 

The  breadth  between  the  middles  of  the 
brighted  Light  of  the  innermoft  fringes 
on  either  lide  the  fhadow 

The  breadth  between  the  middles  of  the 
brighteft  Light  of  the  middlemod  frin¬ 
ges  on  either  fide  tire  fhadow 

. . . . . 

'The  breadth  between  the  middles  of  the 
brighted  Light  of  the  outmod  fringes 
on  either  fide  the  fhadow 

The  didance  between  the  middles  of  the 
brighted  Light  of  the  fird  and  fecond 
fringes 

The  didance  between  the  middles  of  the 
brighted  Light  of  the  fecond  and  third 
fringes 

The  breadth  of  the  luminous  part  (green, 
white,  yellow  and  red  )  of  the  fird 
fringe 

The  breadth  of  the  darker  lpace  between 
the  lird  and  fecond  fringes. 

The  breadth  of  the  luminous  part  of  the 
fecond  fringe 

The  breadth  of  the  darker  lpace  between 
the  fecond  and  third  fringes. 


Thefe  meafures  1  took  by  letting  the  fhadow  of  the 
Hair  at  half  a  Foot  diftance  fail  lb  obliquely  on  the 
fcale  as  to  appear  twelve  times  broader  than  when  it 
fell  perpendicularly  on  it  at  the  lame  diftance,  and  Pet¬ 
ting  down  in  this  I  able  the  twelfth  part  of  the  mea- 
lures  l  then  took. 

O  B  S.  I  V. 

When  the  ihadovv  and  fringes  were  calf  obliquely 
upon  a  fmooth  yvhite  Body,  and  that  Body  was  remo¬ 
ved  further  and  further  from  the  Hair,  the  firft  fringe 
began  to  appear  and  look  brighter  than  the  reft  of  the 
Light  at  tlie  diftance  of  let's  than  a  quarter  of  an  Inch 
from  the  Hair,  and  the  dark  line  or  Ihadovv  between 
that  and  the  fecond  fringe  begun  to  appear  at  a  lefs  di¬ 
ftance  from  t  he  Hair  than  that  of  the  third  part  of  an 
Inch.  The  feeoncl  fringe  began  to  appear  at  a  diftance 
from  the  Hair  of  let's  than  half  an  Inch,  and  the  Shadow 
between  that  and  t  he  third  fringe  at  a  diftance  lei's  than: 
an  Inch,  and  the  third  fringe  at  a  diftance  lefs  than  three 
Inches.  At  greater  dilianccs  they  became  much  more 
fenlible,  but  kept  very  nearly  the  lame  proportion  of 
their  breadths  and  intervals  which  they  had  at  their  firft 
appearing.  For  the  d  i  fiance  between  the  middle  of  the 

firft  and  middle  of  the  fecond  fringe,  was  to  the  diftance 
between  the  middle  of  the  fecond  and  middle  of  die 
third  fringe,  as  three  to  two,  or  ten  to  leven.  And 
the  lull  of  thefe  two  dilianccs  was  equal  to  the  breadth-, 
of  the  bright  Fight  or  luminous  part  of  the  firft  fringe. 
And  this  breadth  was  to  the  breadth  of  the  bright  Light 
of  the  fecond  fringe  as  leven  to  four,  and  to  the  dark 

interval 
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interval  of  the  full  and  lecond  fringe  as  three  to  two, 
and  to  the  like  dark  interval  between  the  iecond  and 
third  as  two  to  one.  For  the  breadths  of  the  fringes 
feemedto  be  in  the  progreffion  of  the  numbers  i,  //J, 
//  y  and  their  intervals  to  be  in  the  fame  progreffion 
with  them  ;  that  is,  the  fringes  and  their  intervals  to¬ 
gether  to  be  in  the  continual  progreffion  of  the  numbers 
i ,  //  t ,  //] ,  or  thereabouts.  And  thefe  pro¬ 

portions  held  the  fame  very  nearly  at  all  diftances  from 
the  Hair  3  the  dark  Intervals  of  the  fringes  being  as 
broad  in  proportion  to  the  fringes  at  their  fir  ft  appea¬ 
rance  as  afterwards  at  great  diftances  from  the  Hair, 
though  not  lb  dark  and  diftinft. 

O  B  S.  V. 

The  Sun  fhining  into  my  darkened  Chamber  through 
a  Hole  a  quarter  of  an  Inch  broad  3  I  placed  at  the  di- 
ftance  of  two  or  three  Feet  from  the  Hole  a  Sheet  of 
Paft-board,  which  was  black’d  all  over  on  both  fides, 
and  in  the  middle  of  it  had  a  Hole  about  three  quarters 
of  an  Inch  fquare  for  the  Light  to  pafs  through.  And 
behind  the  Hole  I  fattened  to  the  Paft-board  with  Pitch 
the  blade  of  a  ffiarp  Knife,  to  intercept  fome  part  of 
the  Light  which  patted  through  the  Hole.  The  planes 
of  the  Paft-board  and  blade  of  the  Knife  were  parallel 
to  one  another,  and  perpendicular  to  the  rays.  And 
when  they  were  fo  placed  that  none  of  the  Sun’s  Light 
fell  on  the  Paft-board,  but  all  of  it  patted  through  the 
Hole  to  the  Knife,  and  there  part  of  it  fell  upon  the 
blade  of  the  Knife,  and  part  of  it  patted  by  its  edge : 
I  let  this  part  of  the  Light  which  patted  by,  fall  on  a 

white 
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white  Paper  two  or  three  Feet  beyond  the  Knife,  and 
there  law  two  Urea  ms  of  faint  Light  flioot  out  both 
ways  from  the  beam  of  Light  into  the  fliadow  like  the 
tails  of  Comets.  But  becaufe  the  Sun’s  direct  Light  by 
its  brightuefs  upon  the  Paper  obfcured  thefe  faint 
ftreams,  fo  that  1  could  lcarcelee  them,  I  made  a  little 
Hole  in  the  midft  of  the  Paper  for  that  Light  to  pals 
through  and  fall  on  a  black  cloth  behind  it ;  and  then 
I  law  the  two  ltreams  plainly.  They  were  like  one 
another,  and  pretty  nearly  equal  in  length  and  breadth, 
and  quantity  of  I  right.  Their  Light  at  that  end  next 
the  Sun’s  dirett  Light  was  pretty  ftrong  for  the  fpace  of 
about  a  quarter  of  an  Inch,  or  half  an  Inch,  and  in  all 
its  progrefs  from  that  direft  Light  decrealed  gradually 
till  it  became  inlenfible.  The  whole  length  of  either  of 
thefe  ftreams  men  lured  upon  the  Paper  at  the  diftance 
of  three  Feet  from  the  Knife  was  about  fix  or  eight 
Inches ;  fo  that  it  fubtended  an  Angle  at  the  edge  of 
the  Knife  of  about  loorxa,  or  at  nioft  14.  degrees. 
Yet  fometimes  1  thought  I  law  it  (hoot  three  or  four 
degrees  further,  but  with  a  Light  fo  very  faint  that  I 
could  fcarce  perceive  it,  and  fulpedted  it  might  (  in 
fome  meafure  at  lead)  arife  from  lome  other  cauiethan 
the  two  ftreams  did.  For  placing  my  Eye  in  that  Light 
beyond  the  end  of  that  dream  which  was  behind  the 
Knife,  and  looking  towards  the  Knife,  I  could  lee  a 
line  of  Light  upon  its  edge,  and  that  pot  only  when 
my  Eye  was  in.  the  line  of  the  ftreams,' but  alfo  when 
it  was  without  that  line  either  towards  the  point  of  the 
Knife,  or  towards  the  handle.  This  line  ot  Light  ap¬ 
peared  contiguous  to  the  edge,  ot  the  Knife,  and  was 
narrower  than  the  Light  of  the  innermoft  fringe,  and 

l{  r  narroweft 


narruweft  when  my  Eye  was  furtheft  from  the  direft 
Light,  and  therefore  feemed  to  pafs  between  the  Light 
of  that  fringe  and  the  edge  of  the  Knife ,  and  that 
which  puffed  neareft  the  edge  to  be  moft  bent,  though 
not  all  of  it. 

O  B  S.  VI. 

I’  placed  another  Knife  by  this  ih  that  their  edges 
might  be  parallel  and  look  towards  one  another,  and 
that  the  beam  of  Light  might  fall  upon  both,  the  Knives, 
and  feme  part  of  it  pal's  between  their  edges.  And 
when  the  diltance  of  their  edges  was  about  the  400th 
part  of  m  Inch  the  ftream-  parted  in  the  middle,  and 
left  a  lhadow  between  the  two  parts.  This  lhadow 
was  lo  black  and  dark  that  all- the  Light  which  pafEed 
between  the  Knives  feemed  to  be  bent,  and  turned  afide 
to  the  one  hand  or  to-the  other.  And  as  the  Knivesftill 
approached  one  another  the  fhadow-  grew  broader,  and 
the  Breams  Shorter  at  their  inward  ends  which  were 
next  the  lhadow,  until1  upon  the  contadS  of  the  Knives 
the  whole  Light  vanilhed  leaving  its  place  to  the 
lhadow-. 

And  hence  I  gather  that  the  Light  which  is  leaft 
bent,  and  goes  to  the  inward  ends  of  the  ftreams,  pafe 
fesby  the  edges  of  the  Knives  at  the  greateft  diliance, 
and-  this  diftanee  when  the  lhadow  begins  to  appear  be¬ 
tween  the-  ftreams  is  about  the  eight- hundredth  part  of 
an  Inch.  And  the  Light  which  paftes  by  the  edges  of 
the  Knives  at  diftances  Bill  lefs  and  leis  is  more-and 
more  bent,  and  goes  to  thofe  parts  of  the  ftreams  which 
are  further  and  further  from  the.  direct  Light,  bceaule 
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when  the  Knives  approach  one  another  till  they, touch, 
thofe  parts  of  the  ftreams  vanifh  laft  which  are  furtheii 
from  the  chrett  Light, 

O  B  S.  VII. 

In  the  fifth  Obfervation  the  fringes  did  not  appear, 
but  by  reafon  of  the  breadth  of  the  Hole  in  the  Win¬ 
dow  became  lb  brpad  as  to  run  into  one  another,  and 
by  joyning  make  one  continued  Light  in  (the  beginning 
of  the  ftreams.  But  in  the  fecth,  as  the  Knifes  -ap¬ 
proached  one  another,  a  little  before  the  (hadow  ap¬ 
peared  between  the  two  ftreams,  the  fringes  began  to 
appear  on  the  inner  ends  of  the  ftreams  on  either  fide 
of  the  di  rect  Light,  three  on  one  fide  made  by  the*edge 
of  one  Knife,  and  three  on  the  other  fide  made  Jby  rthe 
edge  of  the  other  Knife.  They  were  diftinfiteft  when 
the  Knives  were  placed  at  the  greateft  diftance  from  the 
Hole  in  the  Window,  and  (till  became  more  diftinft  by 
making  the  Hole  lei's,  itiibmuch  that  I  could  ifometimes 
fee  a  faint  lineament  of  a  fourth  fringe  beyond  the  three 
above-mentioned .  And  as  the  Knives .  continually  -ap¬ 
proached  one  another,  the  fringes  grew  diftinSter  and 
larger  until  they  vanithed.  The  outmoft  fringe  va- 
nilhed  firft,  and  the  middlemoft  next,  and  the  inner- 
moft  laft.  And  after  they  were  all  vaniflied,  and  |he 
line  of  Light;  which  was  in  the  middle  between  them 
was  grown  very  broad,  enlarging  it  lelf  on  both  fides 
into  the  ftreams  of  Light  deicribed  in  the  fifth  Obfer- 
yation,  the  above-mentioned  lhadow  began  to  appear 
in  the  middle  of  this  line,  and  divide  it  along  the  middle 
into  two  lines  of  Light,  and  increa led  until  the  w hole 
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Light  van i  flicd.  This  inlargement  of  the  fringes  was 
lb  great  that  the  rays  which  go  to  the  innermoft  fringe 
teemed  to  be  bent  above  twenty  times  more  when  this 
fringe  was  ready  to  vanifh,  than  when  one  of  the  Knives 
was  taken  away. 

And  from  this  and  the  former  Oblervation  compared, 

1  gather,  that  the  I  right  of  the  fir  ft  fringe  puffed  by  the 
edge  of  the  Knife  at  a  d  ilia  nee  greater  than  the  eight- 
hundredth  part  of  an  Inch,  and  the  Light  of  the  fecond 
fringe  puffed  by  the  edge  of  the  Knife  at  a  greater-  dL 
fiance  than  the'I  right  of  the  firfi  fringe  did,  and  that 
of  the  third  at  a  greater  difiance  than  that  of  the  fe- 
cond,  and  that  of  the  (t reams  of  Light  deicribed  ii? 
the  fifth  and  fixth  Obfervations  puffed  by  the  edges 
of  the  Knives  at  lels  diltuuccs  than  that  of  any  of  the 
fringes. 

O  B  S.  VIII. 

I  cau led  the  edges  of  two  Knives  to  be  ground  truly 
ili-eight,  and  pricking  their  points  into  a  board  lb  that 
their  edges  might  look  towards  one  another,  and  meet- 
intr  jieur  their  points  contain  a  red  i  linear  Angle,  I  la  li¬ 
ned  their  handles  together  with  Pitch  to  make  this 
Angle  invariable.  The  diiiance  of  the  edges  of  the- 
Knives  from  one  another  at  the  diiiance  of  four  Inches 
from  the  angular  point,  where  the.edges  of  the  Knives 
met,  was  the  eighth  part  of  an  Inch,  and  therefore  the 
Angle  contained  by  the  edges  was  about  i  degr.  54., 
The  Knives  thus  iixtd  together  I  placed  in  a  beam  of 
the  Sun’s  I  right,  let  into  my  darkened  Chamber  through 
a  Hole  the  4.1th  part  of  an  Inch  wide,,  at  the  diiiance 
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often  or  fifteen  Feet  from  the  Hole,  and  let  the  Light 
which  palled  between  their  edges  lull  very  obliquely 
upon  a  l'mooth  white  Ruler  at  the  di (fence  of  half  an 
Inch,  or  an  Inch  from  the  Knives,  and  there  faw  the 
fringes  made  by  the  two  edges  of  the  Knives  run  along 
the  edges  of  t  he  lhadows  of  the  Knives  in  lines  parallel 
to  thofe  edges  without  growing  fenfibly  broader,  till 
they  met  in  Angles  equal  to  the  Angle  contained  by  the 
edges  of  the  Knives,  ami  where  they  met  and  joynecl 
they  ended  without  eroding  one  another.  But  if  the 
Ruler  was  held  at  a  much  greater  diftance  from  the 
Paper,  the  fringes  became  fame  thing  broader  and  broader 
as. they  approached  one  another,  and  after  they  met 
they  eroded  one  another,  and  then  became  much  broader 
than  before. 

Whence  1  gather  that  the  diffences  at  which  the 
fringes  pals  by  the  Knives  are  not  increafed  nor  altered 
by  the  approach  of  the  Knives,  hut  the  Angles  in  which 
the  rays  are  there  bent  are  much  increafed  by  that  ap¬ 
proach  ;  and  that  the  Knife  which  is  neat-eft  any  ray 
determines  which  way  the  ray  Until  be  bent,  and  the 
other  Knife  inert-ales  the  bent. 

O  B  S.  1 X. 

When  the  rays  fell  very  obliquely  upon  the  Ruler  at 
the  diftance  of  the  third  part  of  an  Inch  from  the  Knives, 
the  dark  line  bet  ween  the  firlfemd  lecond  fringe  of  the 
ihadow  of  one  Knife,  and  the  dark  line  between  tire 
firft  and  fecond  fringe  of  the  ihadow  of  the  other  Knife 
met  with  one  another,  at  the  diftance  of  the  fifth  part 
of  an  Inch  from  the  end  of  the  Light  which  palled  be¬ 
tween 


tween  the  Knives  at  the  concourfe  of  their  edges.  And 
therefore  the  diftance  of  the  edges  of  the  Knives  at  the 
meeting  of  thele  dark  lines  was  the  1 6oth  .part  of  an 
Inch.  For  as  four  Inches  to  the  eighth  part  of  an  Inch, 
I'o  is  any  length  of  the  edges  of  the  Knives  mea hired 
from  the  point  of  their  -concourfe  to  the  diftance  of  the 
edges  of  the  Knives'fet  the  end  of  that  length,  and  lb  Is 
the  fifth  part  of  an  Inch  to  the  1 6oth  part.  So  then  the 
dark  lines  above-mentioned  meet  in  the  middle  of  the 
Light  which  paffes  between  the  Knives  where  they  are 
diftant  the  a  6©th  part  of  an  Inch,  and  the  one  half  of 
that  Light  paffes  by  the  edge  of  one  Knife  at  a  diftance 
not  greater  than  the  3  20th  part  of  am  Inch,  -and  falling 
Upon  the  Paper  makes  the  fringes  of  the  fhadow  of  that 
Knife,  and  the  other  half  paffes  by  the  edge  of  the 
other  Knife,  at  a  diftance  not  greater  than  the  320th 
part  of  an  Inch,  and  falling  upon  the  Paper  makes  the 
fringes  of  the  ihadow  - of  the  other  Knife.  But  if  the 
Paper  be  held  at  a  diftance  from  the  Knives  greater  than 
the  third  part  of  an  Inch,  the  daiik  lines  above-men¬ 
tioned  meet -at  a  greater  diftance  than  the  fifth  part  of 
an  Inch  from  the  end  of  the  Light  which  palled  be¬ 
tween  the  Knives  at  the  concourfe  of  their  edges ;  and 
therefore  the  Light  which  falls  upon  the  Paper  where 
thofe  dark  lines  meet  paffes  between  the  Knives 
where  their  edges  are  diftant  above  the  r6oth  part  of 
an  Inch. 

For  at  another  time  when  the  two  Knives  were  di- 
ftant  eight  Feet  and  five  Inches  from  the  little  Hole  .in 
the  Window,  made  with  a  i'mall  Pin  as  above,  the  Light 
which  fell  upon  the  Paper  where  the  aforefaid  dark 
lines  met.  palled  between  the  Knives,  .where  the  di¬ 
ftance 


(lance  between  their  edges  was  as  ia  the  follawin 
'Table,  when  the  diftaraee  of  the  Paper  from  the  Knives 
was  alio  as  follows. 


pijhwces  of  the  Paper 
from  the  Kjiwes  in 
Inches. 

!  D  flames'  between  the  edges 
j  of  t  he  Jdjrives  in  mille» . 

fimat  parts  of  an  Inch. 

o’©  I  2,  1, 

3  c 

o’oao.  i 

8? 

o’o34.  ,  ; 

32  „ 

Q’057. 

y®. 

M*- 

CJ  QOT!.  ; 

i  o’oSa. 

. — — * - 

And  hence  I  gather  that  the  Light  which  makes  the 
fringes  upon  tire  Paper  is  not  the  feme  Light  at  all1  di< 
fences  of  the  Paper  from  the  Knives;,,  but  when  the  Pa¬ 
per  is  held  near  the  Kntves,  the  fringes  are  made  by 
Light  which  pa  fifes  by  the  edges,  of  the  Knives  at  a  lets 
life  nee,  and  is  more  bent  than  when  the  Paper  is  held 
at  a  greater  diflaace  from  the  Knives. 

O  B  S.  X. 


When  the  fringes  of  the  ihadowa  of  the  Knives  fell 
perpendicularly  upon  a  Paper  at  a  great  dillance  from 
the  Knives,  they  were  in  the  form  of  Hyperbolas,  and 
their  di  men  lions  were  as  follows.  Let  CA,  GB  repre- 
fent  lines  drawn  upon  the  Paper  parallel  to  the  edges  of 
the  Knives,  and  between  which  all  the  Light  would 
fall,  if  it  paffed  between  the  edges  of  the  Knives,  with¬ 
out  inflexion ,  DK  a  right  linediwnthroughC  making 
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the  Angles  A  CD,  BCE,  equal  to  one  another,  and 
terminating  all  the  Light  wliith  falls  upon  tliePaper  from 
the  point  where  the  edges  of  the  Knives  meet ;  eis,  fkt, 
and  glv,  three  hyperbolical  lines  reprefenting  the  ter¬ 
minus  of  the  thadow  of  one  of  the  Knives,  the  dark  line 
between  the  firft  and  lecond  fringes  of  that  lhadow,  and 
the  dark  line  between  the  lecond  and.  third  fringes  of 
the  fame  fliadow  ;  x  i  p,  y  k  q  and  z  1  r,  three  other  Hy¬ 
perbolical  lines  reprefenting  the  terminus  of  the  lhadow 
of  the  other  Knife,  the  dark' line  between  the  firft  and 
lecond  fringes  of  that  fliadow,  and  the  dark  line  be¬ 
tween  the  lecond  and  third  fringes  of  the  lame  lhadow. 
And  conceive  that  thefe  three  Hyperbolas  are  like  and 
equal  to  the  former  three,  and  crofs  them  in  the  points 
i,  k  and  1,  and  that  the  Iliad  ows  of  the  Knives  are  termi¬ 
nated  and  diftinguifiied  from  the  frit  luminous  fringes 
by  the  lines  eis  and  xip,  until  the  meeting  and  crof- 
iing  of  the  fringes,  and  then  thofe  lines  crofs  the  fringes 
in  the  form  of  dark  lines,  terminating  the  firft  luminous 
fringes  within  fide,  and  diftinguifliing  them  from  ano¬ 
ther  Light  which  begins  to  appear  at  i,  and  illuminates 
all  the  triangular  lpace  ipDKs  comprehended,  by  thefe 
dark  lines,  and  the  right  line  DE.  Of  thele  Hy¬ 
perbolas  one  Afiymptoto  is  the  line  DE,  and  their  other 
Alymptotes  are  parallel  to  the  lines  CA  and  CB.  Let 
t  v  rcpident  a  line  drawn  any  whereupon  the  Paper 
parallel  to  the  A lymptote  DE,  and  let  this  line  crofs 
the  right  lines  AC  in  in  and  BC  in  n,  and  the  fix  dark 
hyperbolical  lines  in  p,  q,  r  ;s,  t,  v  ;  and  by  meafuring 
the  diftanccs  ps,  qt,  r  v,  and  thence  col  letting  the 
the  lengths  of  the  ordinates  np,  nq,  n  r  or  ms,  mt, 
m  v,  and  doing  this  at  feveral  diitances  of  the  line  rv, 
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from  the  Alymptote  DE  you  may  find  as  many  points 
of  tlicic  Hyperbolas  as  you  pleafe,  and  thereby  know 
tliat  thefe  curve  lines  are  Hyperbolas  differing little  from 
the  conical  Hyperbola.  And  by  meafuring  the  lines 
Ci  Ck  ,  d,l,  you  may  find  other  points  of  thefe 
Curves. 

For  in  lb  nee,  when  the  Knives  were  diftant  from  the 
Hole  in  t  he  Window  ten  Feet,  and  the  Paper  from  the 
Knives  >;  Feet,  and  the  Angle  contained  by  the  edges  of 
the  Knives  to  w  hich  the  Angle  ACB  is  equal, was fub- 
tended  by  a  chord  which  was  to  the  Radius  as  i  to  32, 
and  the  dilfonce  of  t  he  line  rv  from  the  Alymptote  DE 
was  half  an  inch:  l  mea lured  the  lines  ps,  qt,  rv, 
and  found  them  ok}  5,  0*65,  ok;  8  Inches  reipeftively, 
and  by  adding  to  their  halfs  the  lined  inn  (which  here 
wus  the  1  a  St  h  part  of  an  Inch,  or  0^078  Inches )  the 
funis  np,  nq,  nr,  were  o’iSu8,  0^328,  In¬ 

ches.  1  meal u red  alfo  the  dillances  of  the  bnghteff 
parts  of  the  fringes  which  run  between  pqand  st,  qr 
and  tv,  and  next  beyond  r  and  v,  and  found  them o  5, 
o’8,  and  iT  7  Inches. 

O  B  S.  XI. 

The  Sun  (Inning 
fmall  round  Hole  n 
Pin  as  above  ;  1  pi 
the  Light,  and  fori 
of  Colours,  deferib 
iirlt  Book.  And  tl 
Bodies  held  in  the 
and  the  Wall,  were 


into  my  darkened  Room  through  a 
rude  in  a  plate  of  Lead  with  a  Bender 
need  at  the  Hole  a  Prifm  to  refract 
n  on  the  oppofite  Wall  the  Spectrum 
ul  in  the  third  Experiment  of  the 
hen  1  found  that  the  fhadows  of  all 
■  coloured  Light  between  thel nlm 
bordered  with  fringes  of  the  Colour 
Ss  ot 
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of  that  Light  in  which  they  were  held.  In  the  full  red 
Light  they  were  totally  red  without  any  fenfible  blue 
or  violet,  and  in  the  deep  blue  Light  they  were  totally 
blue  without  any  fenfible  red  or  yellow  ;  and  l'o  in  the 
green  Light  they  were  totally  green,  excepting  a  little 
yellow  and  blue,  which  were  mixed  in  the  green  Light 
of  the  Pril'm.  And  comparing  the  fringes  made  in  the 
leveral  coloured  Lights,  1  found  that  thole  made  in  the 
red  Light  were  largeft,  thole  made  in  the  violet  were 
lead,  and  thofe  made  in  the  green  were  of  a  middle 
bignefs.  For  the  fringes  with  which  the  fhadow  of  a 
Man’s  Hair  were  bordered,  being  meafured  crofs  the 
fhadow  at  the  diftance  of  fix  Inches  from  the  Hair  ;  the_ 
diftance  between  the  middle  and  moll  luminous  part  of 
the  firft  or  innermoft  fringe  on  one  fide  of  the  fhadow, 
and  that  of  the  like  fringe  on 'the  other  fide  of  the  lha- 
dow,  was  in  the  full  red  Light  of  an  Inch,  and  in 
the  full  violet^.  And  the  like  diftance  between  the 
middle  and  moll  luminous  parts  of  the  fecond  fringes  on 
either  fide  the  fhadow  was  in  the  full  red  Light  h ,  and 
in  the  violet of  an  Inch.  And  thefe  diftances  of  the 
fringes  held  the  fame  proportion  at  all  diftances  from 
the  Hair  without  any  fenfible  variation. 

So  then  the  rays  which  made  thefe  fringes  in  the  red 
Light  palled  by  the  Hair  at  a  greater  diftance  than  thofe 
did  which  made  the  like  fringes  in  the  violet ;  and  there¬ 
fore  the  Hair  in  caufing  thefe  fringes  added  alike  upon 
the  red  Light  or  leaft  refrangible  rays  at  a  greater  di¬ 
ftance,  and  upon  the  violet  or  moft  refrangible  rays  at 
a  lefs  diftance,  and  by  thofe  adlions  difpofed  the  red: 
Light  into  larger  fringes,  and  the  violet  into  fmaller, 
and  the  Lights  of  intermediate  Colours  into  fringes  of 

.  inter- 
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intermediate  bigneffes  without  changing  the  Colour  of 

of  any  fort  of  Light. 

When  therefore  the  Hair  in  the  firft  and  fecond  of 
thele  Obiervations  was  held  in  the  white  beam  of  the 
Sun’s  Light,  and  caft  a  fhadow  which  was  bordered  with 
three  fringes  of  coloured  Light,  thofe  Colours  arofe  not 
from  any  new  modifications  impreft  upon  the  rays  of 
Light  by  the  Hair,  but  only  from  the  various  inflections 
whereby  the  leveral  forts  of  rays  were  feparated  from 
one  another,  which  before  reparation  by  the  mixture 
of  all  their  Colours,  compofed  the  white  beam  of  the 
Sun’s  Light,  but  whenever  fepaaated  compofe  Lights 
of  the  feveral  Colours  which  they  are  originally  diipo- 
fed  to  exhibit.  In  this  1 3th  Obfervation,  where  the 
Colours  are  feparated  before  the  Light  paffes  by  the 
Hair,  the  leaft  refrangible  rays,  which  when  lepara- 
ted  from  the  reft  make  red,  were  inflected  at  a  greater 
diftance  from  the  Hair,  fo  as  to  make  three  red  fringes 
at  a  greater  diftance  from  the  middle  of  the  fhadow  of 
the  Hair  ;  and  the  moft  refrangible  rays  which  when 
feparated  make  violet,  were  inflected  at  a  lefs  diftance 
from  the  Hair,  fo  as  to  make  three  violet  fringes  at  a 
iefs  diftance  from  the  middle  of  the  fhadow  of  the  Hair. 
And  other  rays  of  intermediate  degrees  of  refrangibi- 
lity  were  infleCted  at  intermediate  diftances  from  the 
Hair,  fo  as  to  make  fringes  of  intermediate  Colours  ,  at 
intermediate  diftances  from  the  middle  of  the  fhadow 
of  the  Hair.  And  in  the  fecond  Obfervation,  where 
all  the  Colours  are  mixed  in  the  white  .-Light  which 
paffes  by  the  Hair,  thefe  Colours  are  feparated  by  |he 
various  inflexions  of  the  rays,  and  the  fringes  which 
they  make:  appear  all  together,  and  the  innermoft 

Ss  2  fringes 
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fringes  being  contiguous  make  one  broad  fringe  compo- 
fed  of  all  the  Colours  in  due  order,  the  violet  lying 
on  the  inlide  of  the  fringe  next  the  fhadow,  the  red  on 
the  outfide  furtheft  from  the  fhadow,  and  the  blue, 
green  and  yellow,  in  the  middle.  And,  in  like  man¬ 
ner,  the  middlemoft  fringes  of  all  the  Colours  lying  in 
order,  and  being  contiguous,  make  another  broad  fringe 
compofed  of  all  the  Colours  •  and  the  outmoft  fringes, 
of  all  the  Colours  lying  in  order,  and  being  contiguous, 
make  a  third  broad  fringe  compofed  of  all  the  Colours. 
Thele  are  the  three  fringes  of  coloured  Light  with 
which  the  fhadows  of  all  Bodies  are  bordered  in  the  fe- 
cond  Obfervation, 

When  I  made  the  foregoing  Obfervations,  I  defigned 
to  repeat  moft  of  them  with  more  care  and  exadtnefs,. 
and  to  make  fome  new  ones  for  determining  the  man¬ 
ner  how  the  rays  of  Light  are  bent  in  their  paflage  by 
Bodies  for  making  the  fringes  of  Colours-  with  the 
dark  lines  between  them.  But  I  was  then  interrup¬ 
ted,  and  cannot  now  think  of  taking  thefe  things  into 
further  conlideration.  And  fince  I  have  not  finifhed. 
this  part  of  my  Delign,  I  fhall  conclude,  with  propo- 
ling  only  fome  Queries  in.  order  to  a  further  fearcli  to. 
he  made  by  others. , 

jQuerf  1.  Do  not  Bodies  a£E  upon  Light  at  a  diftance^ 
and  by  their  a<ftion  bend  its  rays,  and  is  not  this  adtion, 
(;CAtetis  fari6 m)-  ftrongeft  at  the  leaft  diftance  ? 

«%-.  a.  Do  not  the  rays- which  differ  in  refrangibilityv 
differ  alfo  in -flexibility,  and.  are  they  not  by  their  dif¬ 
ferent  inflexions  feparated  from  one  another,. fo  as 
after  reparation  to  make  the  Colours  in  the  three-fringes 

above 
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above  defcribed  ?  And  after  what  manner  are  they  in¬ 
flected  to  make  thofe  fringes  ? 

Qu.  3.  Are  not  the  rays  of  Light  in  paffing  by  the 
edges  and  Tides  of  Bodies,  bent  feveral  times  backwards 
and  forwards,  with  a  motion  like  that  of  an  Eel  ?  And 
do  not  the  three  fringes  of  coloured  Light  above-men¬ 
tioned,  aril’e  from  three  fuch  bendings? 

gut  4.  I)o  not  the  rays  of  Light  which  fall  upon  Bo¬ 
dies,  and  are  relieved  or  refracted,  begin  to  bend  be¬ 
fore  they  arrive  at  the  Bodies ;  and  are  they  not  re¬ 
flected,  refracted  and  inflected  by  one  and  the  fame 
Principle,  aCting  variouily  in  various  circumltances? 

g>u,  5.  Do  not  Bodies  and  Light  aCt  mutually  upon 
one  another,  that  is  to  lay,  Bodies  upon  Light  in  emit¬ 
ting,  reflecting,  refracting  and  inflecting  it,  and  Light 
upon  Bodies  tor  heating  them,  and  putting  their  parts 
into  a  vibrating  motion  wherein  heatconlilts  ? 

Do  not  black  Bodies  conceive  heat  more  ealily, 
from  Light  than  thole  of  other  Colours  do,  by  reafon  - 
that  the  Light  falling  on  them  is  not  reflected  outwards, 
but  enters  the  Bodies,  and  is  often  reflected  and  re* 
fraCted  within  them,  until  it  be  ft i tied  and  loft  ? 

7.  Is  not  the  ftrength  and  vigor  of  the  action 
between  Light  and  lulphureous  Bodies  obferved  above, . 
one;  reafon  why  lulphureous  Bodies  take  lire  more 
■readily,  and  burn  more  vehemently,  then  other  Bo-> 
dies  do  ?• 

8.  Do  not  all  fixt  Bodies  when  heated  beyond  a  - 
certain  degree,  emit  Light  and  fhine,  and  is  not  this 
emiffion  performed  by  the  vibrating  motions  of  their. 
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9.  is  not  fire  a  Body  heated  lb  hot  as  to  emit 
Light  copioudy  ?  For  what  elfe  is  a  red  hot  Iron  than 
tire?  And  what  elfe  is  a  burning  Coal  than  red  ho' 
Wood  ? 

JjV.  10.  Is  not  flame  a  vapour,  fume  .or  exhalation 
heated  red  hot,  that  is,  l'o  hot  as  tolhine?  For  Bodies 
do  not  flame  without  emitting  a  copious  fume,  and  this 
fume  burns  in  the  flame.  The  Ignis  Fat  urn  is- a  vapour 
fbining  without  heat,  and  is  there  not  the  lame  diffe¬ 
rence  between  this  vapour  and  flame,  as  between  rot¬ 
ten  Wood  fliining  without  heat  and  burning  Coals  of 
fire?  In  diftilling  hot  Spirits,  if  the  head  of  the  fti  11  lx* 
taken  off,  the  vapour  which  afeends  out  of  the  Still  will 
take  Are  at  the  flame  of  a  Candle,  and  turn  into  flame, 
and  the  flame  will  run  along  the  vapour  from  the  Candle 
to  the  Still.  Some  Bodies  heated  by  motion  or  fermen¬ 
tation,  if  the  heat  grow  intenfe  fume  copioufly,  and  if 
the  heat  be  great  enough  the  fumes  will  fliine  and  be¬ 
come  flame.  Metals  in  fulion  do  not  flame  for  want  of 
a  copious  fume,  except  Spelter  which  fumes  copiously, 
and  thereby  flames.  All  flaming  Bodies,  as  Oyl,  Tal¬ 
low,  Wax,  Wood,  foflil  Coals ^  Pitch,  Sulphur,  by 
flaming  wafte  and  vanifh  into  burning  fmoke,  which 
fmoke,  if  the  flame  be  put  out,  is  very  thick  and  viiible, 
and  fometimes  l’mells  ftrottgly,  but  in  the  flame  lofes 
its  lmell  by  burning,  and  according  to  the  nature  of  the 
fmoke  the  flame  is  of  feveral  Colours,  as  that  of  Sul¬ 
phur  blue,  that  of  Copper  opened  with  Sublimate 
gfeen,  that  of  Tallow  yellow.  Smoke  palling  through 
flame  cannot  but  grow  red  hot,  and  red  hot  imoke  can 
have  no  other  appearance  than  that  of  flame. 

1 1 . 


£>u.  ii.  Do  not  great  Bodies  conlerve  their  heat  the 
loiigeft,  their  parts  heating  one  another,  and  may  not 
great  denfe  and  fix’d  .Bodies,  when  heated  beyond  a 
certain  degree,  emit  Light  fo  copioufly,  as  by  the  emif- 
fion  and  reaction  of  its  Light,  and  the  reflexions  and  re- 
fraftions  of  its  rays  -  within  its  pores  to  grow  ftill  hot¬ 
ter,  till  it  comes  to  a  certain  period  of  heat,  fuch  as  is 
that  of  the  Sun  ?  And  are  not  the  Sun  and  fix’d  Stars 
great  Earths  vehemently  hot,  whole  heat  is  conferved 
by  th:e:greathels  of  -the  Bodies,  and  the  mutual  adion 
and  reaftion  between  them,  and  the  Light  which  they 
emit,  and  whole  parts  are  kept  from  fuming  away,  not 
only  by  their  fixity,  but  alio  by  the  vaft  weight  and 
denfity  of  the  Atmolpheres  incumbent  upon  them,  and 
very  ftrongly  compreffing  them,  and  condenfing  the  va¬ 
pours  and  exhalations  which  arife  from  them  ? 

G)u.  i  a.  Do  not  the  rays  of  Light  in  falling  upon  the 
bottom  of  (the  Eye  ■excite  vibrations  in  the  Tunica  re> 
tina?  Which  vibrations,  being  propagated  along  the 
folid' fibres  of  the  optick  Nerves  into  the  Brain,  caufe 
the  fenfe  of  feeing.  For  becaufe  denfe  Bodies  conferve 
their  heat  a  long  time,  and  the  denfeft  Bodies  conlerve- 
■tiheir.heat'fhe -longeft,  the  vibrations  of  their  parts  are 
a  laftiftg  nature,  and  therefore  may  be  propagated 
along  folicl  'fibres  of  uniform  denfe  matter  to  a  great  di- 
ftance,  for  conveying  into  the  Brain  the  impreffions.. 
♦Hade  upon  all  -  the  Organs * of  fenfe.  For  that  motion 
which  can  continue  long  in  one  and  the  fame  part  of  a 
Sody,  can  be  propagated  a  long  way  from  one  part  to 
another,  fuppofing  the  Body  homogeneal,  fo  that  the  - 
motion  may  not  be  reflected,  refradted,  interrupted  or 
difordered  .by  any  unevennefs  of  the  Body.  ■ 
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«_//.  i  t.  Do  not  feveral  fort  of  rays  make  vibrations 
of  feveral  bignefles,  which  according  to  their  bignefles 
excite  leniations  of  feveral  Colours,  much  after  the 
manner  that  the  vibrations  of  the  Air,  according  to  their 
I'everal  bignefles  excite  leniations  of  i'everal  founds  ? 
And  particularly  do  not  the  mo  ft  refrangible  rays  ex¬ 
cite  the  (liorteft  vibrations  lor  making  a  lenlation  of 
deep  violet,  the  lea  ft  refrangible  the  largeft  for  making 
a  l'enliition  of  deep  red,  and  the  i'everal  intermediate 
forts  of  rays,  vibrations  of  feveral  intermediate .  bignef¬ 
les  to  make  leniations  of  the  feveral  intermediate  Co¬ 
lours  ?  ter'' 

&tt.  1 4.  May  not  the  harmony  and  difeord  of  Co¬ 
lours  arife  from  the  proportions  of  the  vibrations  propa¬ 
gated  through  the  fibres  ot  the  optick  Nerves  into  the 
Brain,  as  the  harmony  and  difeord  oi  founds  aril'es  front 
the  proportions  ot  the  vibrations  oi  the  Aii  ?  f  01  lome 
Colours  are  agreeable,  as  thole  of  Gold  and  Indico,  and 

others  dilagree.  .  ■ 

an,  15.  Are  not  the  Species  of  Objedts  feen  with  both 
Eyes  united  where  the  optick  Nerves  meet  before 
they  come  into  the  Brain,  the  fibres  on  the  right  fide 
of  both  Nerves  uniting  there,  and  after  union  going 
thence  into  the  Brain  in  the  Nerve  which  is  on  the 
right  fide  of  the  Head,  and  the  fibres  on  the  left  fide 
of  both  Nerves  uniting  in  the  lame  place,  and  uitci 
union  going  into  the  Brain  in  the  Nerve  which  is  on 
the  left  tide  oi  the  Head,  and  thele  two  Neives  nieet- 
ing  in  the  Brain  in  fuch  a  manner  that  their  fibres 
make  but  one  entire  Species  or  Pidture,  halt  of  which 
on  the  right  fide  of  the  Senl'orium  comes  from  the 

rinht  lid  if  of  both  Eyes  through  the  right  tide  of 
"  both 


both  optick  Nerves  to  the  place  where  the  Nerves 
meet,  and  from  t  hence  on  the  right  fide  of  the  Head 
into  the  Brain,  and  the  other  half  on  the  left  fide  of  the 
Senforium  comes  in  like  manner  from  the  left  fide  of 
both  Eyes,  for  the  optick  Nerves  oi  filch  Animals  as 
look  the  ill  me  way  with  both  Eyes  (as  of  Men,  Dogs, 
Sheep,  Oxen,  Lv.  )  meet  before  they  come  into  the 
Brain,  but  the  optick  Nerves  of  luch  Animals  as  do 
not  look  the  lame  way  with  both  Eyes  (as  of  Fillies  and 
of  the  Chameleon)  do  not  meet,  if  1  am  rightly  in¬ 
formed. 

£h{.  1 6.  When  a  Man  in  the  dark  profiles  either  cor¬ 
ner  of  his  Eye  with  Iris  Finger,  and  turns  his  Eye  away 
from  his  Finger,  he  will  fee  a  Circle  of  Colours  like 
thole  in  the  Feather  of  a  Peacock’s  Tail  ?  Do  not  thefe 
Colours  ante  from  Inch  motions  excited  in  the  bottom 
of  the  Eye  by  the  preH'ure  of  the  Finger,  as  at  other 
times  are  excited  there  by  Light  for  caviling  Villon  ?  And 
when  a  Man  by  a  Broke  upon  his  Eye  fees  a  Flafh  of 
Light,  are  not  the  like  Motions  excited  in  the  Kami 
by  the  Broke  f 
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ENU  ME  RATIO 


tertii  ordinis. 


fjnex  Geometries  fecundum  numerum  dimen-  I. 

fionum  aequationis  qua  relatio  inter  Ordinatas  0r 

Abfciffas  definitur,  vel  (quod  perinde  eft)  fecun- 
dum  numerum  pundtorum  in  quibus  a  linea  refta 
fecari  poffunt,  optime  diftinguuntur  in  Ordines. 

Qua  ratione  linea  primi  Ordinis  erit  Redta  fola,  eas 
fecundi  five  quadratici  ordinis  erunt  fedtionesConicae 
&  Circulus,  &  ex  tertii  five  cubici  Ordinis  Parabola 
Cubica,  Parabola  Neiliana,  Cifiois  veterum  &  reli- 
quae  quas  hie  enumerare  fufeepimus.  Curva  autem 
primi  generis,  (fiquidem  redta  inter  Curvas  non  eft 
numeranda)  eadem  eft  cum  Linea  fecundi  Ordinis, 

&  Curva  fecundi  generis  eadem  cum  Linea  Ordinis 
tertii.  Et  Linea  Ordinis  infinitefimi  ea  eftquam 
refta  in  pundtis  infinitis  fecare  poteft,  qualis  eft  Spi¬ 
ralis,  Cyclois,  Quadratrix  &  linea  omnis  quae  per 
radii  vel  rotse  revolutiones  infinitas  generatur. 

■ 

Tt  i  Sedhonum 


II.  Sedionum  Conicarum  proprietates  prascipuae  a 

^ITmTonicl'  Geometris  paffim  traduntur.  Et  confimiles  funt  pro- 
rim  compel unt  prietates  Curvarum  fecundi  generis  &  reliquarum,  ut 
to7mimT'i°rum  ex  i"ecLuent:i  proprietatum  praecipuarum  enumera- 
tione  conftabit. 

in.  Nam  fi  redae  plures  parallel’s  &  ad  conicam  fe- 

Curvarum  fi- q ionem  utrinq;  terminate  ducantur,  reda  duas  ea- 
CMnJt**DUme-'  rum  bifecans  bilecabit  alias  omnes, ideoq;  dicitur  ‘Dm-* 
tri, Vertices, Ce»-  meter  hg\irx  8t  redoe  biiedse  dicuntur  Ordinatim  ap.~ 
tra->Axi!-  plicate  ad  Diametrum,  &  concurfus  omnium  Dia- 
metrormn  eft  Centrum  figurae,  &  interlectio  Curvse  & 
diametri  JCertex  nominating  &  diameter  ilia  Axis 
eft  cui  ordinatim  applicate  inftftunt  ad  angulos  re¬ 
dos.  Et  ad  eundem  mod  uni  in  Curvis  fecundi  ge¬ 
neris,  ft  redoe  dux  quaevis  parallels  ducantur  occur- 
rentes  Cur  vs  in  tribus  pundis  :  reda  qua:  ita  fecat 
has  parallelas  ut  iumma  duarum  partium  ex  uno  ie- 
cantis  latere  ad  curvam  terminatarum  sequetur  parti 
tertiae  ex  a-ltero  latere  ad  curvam  terminate,  eodem. 
snodo  fecabit  omnes  alias  his  parallelas.  curvseq-  in 
tribus  pundis  occurrentes  redas,  hoc. eft, . ita  ut  ium- 
ma  partium  duarum  ex  uno  ipfius  latere  fernper 
sequetur  parti  tertiae  ex  altero  latere.  Has  itaq;  tr.es 
partes  quae  hinc  inde  oequantur,  Ordinatim,  appli- 
eatca  &  redam  fecantem  cui  ordinatim  applicantur. 
‘ Diametrum.  &  interfedionem  diametri  &  curvoe.Fesc- 
ticem  &  concurfum  duarum  diametrorum  Centrum. 
aorainare  licet.  Diameter  autem  ad  Ordinatas  re- 
dangula  fimodo  aliqua  fit,  etiam  Axis  dici  poteft, 
&  ubi  omnes  diametri  in  eodem  pundo  concurrunt 
iftud  exit  Centrum pener ale,. 


Hyperbola  primi  generis  duas  Slfjmp-otos,  ca  le-  IV;  .  , 
cuntli  (resell  terdi  quatuor  &  non  plures  habere 
tell:  &  lie  in  reliquis.  Kt  queniadmodum  partes 
HnCvC  cujutvis  redee  inter  Myperbolam  Conicam  JiC 
duas  cjus  A  lymptotos  lunt  hinc  inde  jcquales :  Be  in 


Hyperbolic  Imimli  generis  li  ducatur  recta  ,quaevi$ 
lecans  tain  C  lurvam  qu-un  ties  ejus  Aiymp/otos  in 
tribus  pun  die,  timuna  duurum  parti  urn  iftius  red® 
tiuaeii  duobus  quibulVis  APyniptotis  in  eandem  pla- 
«am  ad  duo  punda  Curvac  extenduntur  seqiltalis  erit 
parti  tertke  qua  a  ter  da  Afymptoto  in  plagam  con- 
trariam  ad  tertium  Curva-  pundum  extenditur. 

Kt  quemadmodum  in  Conicis  fedionibus  non  Pa-  v. 
rabolicis  quadratum  Ordinatim  applicate,  hoc 
redfommlum  Ordinutarum  quae  ad.  contranas  par¬ 
tes  Diametri  ducumur,  eft  ad  reftangulum  partium 
Diametri  qua’  ad  Vertices  Kllipfeos  vel  Hyperbola: 
terminan  tur,ut  data  quad  a  in  linea  qua  dicitur  Latiu 
rcBum ,  ad  partem  diametri  qua  inter  Vertices  jacet 
&  dicitur  / Mt  m  li'wiijwt'junt  ■  be  in  Cau  vis  non  1  aid- 
bolicis  Iceundi  generis  Parallelepipedum  Pub  tribus-., 
Ordinatim  upplicatis  ett  ad  ParulltlepipcduiM  lubpai^ 
tihus  Diametri  ad  Ordinatas &  tres  Vertices  figurcea  > 

Pciffis,  in  rationc  quadam  data  :  in  qua  ratione  h  in- 
mantur  tres  redo:  ad  tres  partes  diametri  inter  ver¬ 
tices  figura?  litas  lingula  ad  lingulas,  tunc  ill*  tres- 
tea*  did  permit  Laura  reXa  figure,  &  bla  partes- 
Diametri  inter  Vertices  Laura  mnjverj*.  htUut 
in  Parabola  Conics  qua:  ad  unam  &  eandem  di  t-- 

txum  unkum  tantum  habet  V  eiticem,  re  -i[>  . 

PubOrdiuatis  arquatur  re6tangulolub  parte  Demerit; 
qua:  ad  Ordinal  &  Verticem  abiemditur  & 
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qua  dam  data  quafLatus  redtum  dicituiqfic  in  Cur  vis 
fecuncli  generis  qua  non  nifi  duos  habent  Vertices  ad 
eandem  Diametrum,  Parallelepipedum  fubOrdinatis 
tribus  cequatur  Parallelepipedo  iub  duabus  partibus 
Diametri  ad  Ordinatas&  Vertices  illosduos  abfciffis, 
8c  recta  quadam  data  quos  proinde  Latm  rectum 
did  poteft. 

Deniq;  ficut  in  Conicis  lection ibus  ubi  duaeparal- 
lela5  ad  Curvam  utrinqj  terminate  fecantur  a  dua¬ 
bus  parallelis  ad  Curvam  utrinq;  terminatis,  prima 
a  tertia  &  fecunda  a  quarta,  rectangulum  partium 
prima’  eft  ad  redtangulum  partium  tertia  ut  redan- 
gulum  partium  fecunda  ad  redtangulum  partium 
quartet  tic  ubi  quatuor  tales  redta  occurmnt Curvce 
fecundigeneris  fingultE  in  tribus  pundtis,  parallele¬ 
pipedum  partium  primse  redtoe  grit  ad  parallelepide- 
duin  partium  tertix,  ut  parallelepipedum  partium 
fee  undue  ad  parallelepipedum  partium  quarte. 
Curvarum  Iecundi  &  fuperiorum  generum  aeque 
boUcF&p!lnbo-^ q;  primi  crura  omnia  in  infinitum  progredientia 
licn&ewumfU-  vel  Hypertolici  funt  generis  vel  TaraMui.  Crus  ffy- 
Ttirholiawi  voco  quod  ad  Afymptoton  aliquam  in  in¬ 
finitum  appropinquat, ! Varabolicum  quod  Afymptoto 
deftituitur.  Hate  crura  ex  tangentibus  optime  dig- 
nofeuntur.  Nam  fipundtum  contadtus  in  infinitum 
abeat  tangens  cruris  Hyperbolici  cum  Afymptoto 
coincidet  8c  tangens  cruris  Parabolici  in  infinitum 
recedet,  evanefeet  &  nullibi  reperietur.  Invenitur 
igitur  Afymptotos  cruris  cujufvis  quaerendo  tangen- 
tem  cruris  illius  ad  pundtum  infinite  diftans.  Plaga 
autem  cruris  infiniti  invenitur  quaerendo  pofitionem 
recta:  cujufvis  quee  tangenti  parallela  eft  ubi  pun¬ 
dtum 
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fturn  contadftus  in  infinitum  abit.  Nam  hsec  redta 
in  eandem  plagam  cum  crure  iniinito  dirigitur. 

■JLineac  omni’s  Ordinis  primi,  tcrtii,  quinti,  fep-  vm. 
turn  &  imparis  ciijufq;  duo  habent  ad  minimum  Med«®ioC!°- 
crura  in  iniuiitum  veil  us  plagas  oppoiitas  progre- generis fiamdi ad 
dientia.  _  Et  linen’  omnes  tcrtii  Ordinis  duo  habent  *^™umcins 
ejufmodi  crura  in  plagas  oppoiitas  progredientia  ID.  primus. 
quas  nulla  alia  carum  crura  inlinita  (pneterquam 
in  Parabola  Cartciiuna )  tendunt.  Si  crura  ilia 
lint  Hyperbolici  generis,  fit-G  AS  eorum  Aiymp- 
totos  huic  puraUela  agatur  refta  qutevis  CBc 
ad  Curvam  utrinque  ( ii  fieri  poteft  )  tenninata 
eademq;  biiecetur  in  p  unite  X,  &  locus -pundli  il-Nr-o 
Hus  X  erit  Hyperbola  Conica  (iputa  X  * )  cujus 
una  Alymptotos  oil  A:S,  Sit  ejus  altera  Afymp- 
totos  AB,  &  aquatic  qua  relatio  inter  . Ordin'atam 
B.C  &  Ahfeiflam  AB  definitur,  CAB  dicatur  x  .8c 
BC  y, temper  induct  hunc  formam  xyy  -\~ ey  =  ax3 
d'bxx'l'cxd  d.  Ubi  termini  e,  a,  b,  c,  d,  defig- 
nant  quantitates  dutas  cum  fignis  luis  -\~  &  -*<  affe- 
Qas,;quarum  quadibetdeeffe  poflunt  modo  ex  earum 
defied u  figura  in  fedtionem  conicam  non  vertatur; 

Boteft  autem  Hyberbola  ilia  Conica  cum  afyrapto- 
tis  fuis  coincidere ,  id  eft  pundtum  X  in  recta  A  B 
loom :  &  tunc  terminus -j-  ey  deeft. 

At  fi  redfia  ilia  CBc  non  poteft  utrinq;  ad  Curvam 
termiiiari  iMCurvaln  unico  tantum  pundfio  occur-  CafJfctmdm 
fit  cage  quamvis  pofitione  datam  r.ectam  A  d  aiymp- 
toto  AS  occurrentem  in  A, ut  fitaliam quamvis  BC 
afiymptoto  illi  p&raUekm  Curvaque  occurrentem  in 
p.undto  C,  &  aquutio  qua  relatio  inter  Orclinatam 

BG 
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BC  &  Abicififam  AB  definitur,  Temper  induet  hanc 
formam  x  y  —  a  x! -\-  b  x  x c  x -\- d. 

,  x.  Quod  fi  crura  ilia  oppofita  Parabolici  lint  generis, 

<..um  rerun,.  re££a  q  g  c  aq  Curvatn  utrinquc,  li  fieri  poteft,  ter- 

minata  in  plugain  crurum  ducatur  &  bilecetur  in  B, 
&  locus  pundti  B  erit  linea  redla.  Sit  ifta  AB,  ter- 
minata  ad  datum,  quodvis  pundtum  A,  &  cequatio 
qua  relatio  inter  Ordinatam  BC  ScAbfciffam  AB 
definitur,  Temper  induet  hanc  formam,  y  y  =  a  x* 
'[-bxx-f- cx-fid. 

xi.  At  veto  fi  redta  ilia  CB  c  in  unico  tantum  pundto 

c,rfm  cjuartns.  occurrat  Curvce,  ideoq;  ad  Curvam  utrinq;  tenninari 
non  poffit :  fit  pundbum  illud  C,  &  incidat  redta  ilia 
ad  pundtum  B  in  redtam  quamvis  aliam  pofitione 
datam  &  ad  datum  quodvis  pundtum  A  terminatam 
A  B  :  Si.  axjuatio  qua  relatio  inter  Ordinatam  B  C  Sc 
A b lei  flam  AC  definitur  Temper  induet  hanc  formam, 
y  — axQ-bxx-j-cx-fi  d. 

xn.  Enumerando  curvas  horum  caTuum,  Hyperbolam 

Nomina  forma-  vocabimus  inf  crip  am  qua  tota  jacet  in  Afiymptoton 
angulo  ad  inftar  Hyperbolae  conicse,  circumfcripam 
quae  Afymptotos  fecatSc  partes  ablciflas  in  finu  Tuo 
ampledtitur,  ambigenam  quae  uno  crure  infinite  in- 
feribitur  &  altero  circumTcribitur ,  eonvergentem 
cujus  crura  concavitate  Tua  Teinvicem  refpiciunt  & 
in  plagameandem  dirigun tnv, divergent em  cujus  crura 
convexitate  Tua  Teinvicem  recipiunt  &  in  plagas  con- 
trarias  diriguntur,  cruribus  conirarm  fra?ditam  cujus 
crura  in  partes  contrarias  convexa  lunt  &  in  plagas 
contrarias  infinita,  Concboidalem  quae  vertice  concavo 
&  cruribus  divergentibus  ad  alymptoton  applicatur, 
anguine  am  quae  flexibus  contrariis  afymptoton  Tecat 

8z 


&  utrinq;  in  crura  contraria  proclucitur,  cruciformem 
qua;  conjugatam  decuflat,  nodatam  qua  leipfam  de- 
cuffat  in  orbcin  rcdcundo,  cufpidaiam  cujus  partes 
du*  in  angulo  contadus  concurrunt  &  ibi  terminan- 
tur,  fundatam  qua  conjugatam  habet  Ovalem  infi¬ 
nite  parvam  id  eft  pundum,  &  fur  am  qua  per  im- 
poffibilitatem  duaruin  radicum  Ovali,  Nodo,  Cuf- 
pide  &  Pundo  conjugate)  privatur.  Eodem  fenfu 
rarabolam  quoq ;  amvergentem ,  divergent em ,  cruri- 
lm  contrarm  p\cdhamA  cruciformem ,  nodatam ,  cuf- 
fidalam ,  fund  alum  ikfuram  nominabinius. 

In  cal'u  prime)  li  terminus  ax?  affirmativus  eft  Fi-  _  ™;  , , 
guraerit  Hyperbola  triplex  cum  lex  crunbus  tty- red,wdme  & 
perbolicis  qua  juxta  tres  Alymptotos  quarum  nulls eA«  A~. 
l’unt  parallels  in  i nlinitum  progrediuntuiybina  juxta/-ywpt“M' 
unamquamq;  in  plugas  contnirias.  Et  ha  Afymp- 
toti  fi  terminus  bxx  non  deeft  te  mutuo  lecabunt 


in  tribus  pundis  triangulum  (  Dd^  inter  fe  con- 
tinentes,  fin  terminus  bxx  deeft  convergent  ornnes 
ad  idem  pundum.  In  priori  calu  cape  AD  = 

4-J,  &  Ad-A^--  jJd,  junge  Dd,  D<q  &  erunt 
AD,  Dd,  D,/'  tres  Alymptoti.  In  pofteriori  due 
ordinatam  quamvis  B  C,  &  in  ea  utrinq;  produda 
cape  bine  inde  B  E  d  Bf  libi  mutuo  aquales  & 
in  ea  ratione  ad  A  B  quam  habet  /Al  ad  a,  j’ungeq; 

AF,  Af,  &  erunt  AB,  AF,  Af  tres  Aiympoti. 

Hanc  autem  Hyperbolam  vqcamus  redundantem 
quia  numero  crurum  Hyperboficorum  Sediones  Co- 
nicas  fuperut.  _  _  XIV> 

In  Hyperbola  omni  redundante  fi  neq;  terminus  l)e{hujm  Hy~ 
eydefit  neq;  fit  bb-qacaquale  +  ae/Ai  curva nal-fgtoU dumetns 
lam  habebit  diumetrum,  fin  eorum  alterutrum  ac-  EA"  ” 

bl  u  cidat 
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eidat  curva  habebit  unicam  diametrum,  Sc  tres  ft 
utrumque.  Diameter  autem  Temper  tranfit  per  in- 
terfedtionem  duarum  Alymptoton  &  biiecat  re&as 
omnes  quae  ad  Afymptotos  illas  utrinq;  terminantur 
&  pa  rail  else  funt  &  Afymptoto  tertice.  Eftq;  abfcifla 
AB  diameter  Figurae  quoties  terminus  ey  deeft. 
Diametrum  vero  abl'olute  diftam  hie  &  in  iequen- 
tibus  in  vulgari  figniticatu  ufurpo,  nempe  pro  ab- 
feiffa  qua:  paffim  habet  ordinatas  binas  xquales  ad 
idem  punftum  hinc  inde  infiftentes. 
xv.  Si  Hyperbola  redundans  nullam  habet  diametrum 

vemTedtiLnus  qusrantur  iEquationis  hujus  ax«-j-b  x3  -j-  exx-j-dx 
<jtu  dUmetro de-  -|~  =  o  radices  quatuor  feu  valores  ipfius  x.  Ere 
Jnto  A  P,  A  »  A  7T ,  A  p.  Erigantur  ordinate 
tas  tnimguium  PT,  trr,  *7,  p  t,  &  ha?  tangent  Curvam  in  punctas 
taverns.  totidem  T,  T, 1 ,  t,  &  tangendo  dabunt  limites  Cur- 
vse  per  quos  fpecies  ejus  innotefeet. 

1,2.  Nam  fi  radices  omnes  AP,  A®,  A^,  Ap  funt 

reales,  ejufdem  figni  Sc  insequales,  Curva  conftat  ex 
tribus  Hyperbolis ,  ( inferipta  circumfcripta  &  am- 
bigena  )  cum  Omit.  Hyperbolarum  una  jacet  ver- 
fus  D,  altera  verfus  d,  tertia  verfus  &  Ovalis 
Temper  jacet  intra  triangulam  D  d  ^  atq;  etiam  in¬ 
ter  medios  limites  1  &  T ,  in  quibus  qtiq-  tangitur 
ab  ordinatis  &  w‘‘r.  Et  hcec  eft  fpecies  prima. 

Fig.  3, 4.  Si  e  radicibus  dure  maxims  A»,  A  f,  vel  dux  mi¬ 

nims  AP,  A™  sequantur  inter  fe,  &  ejufdem  funt 
figni  cum  alteris  duobus,  Ovalis  &  Hyperbola  cir¬ 
cumfcripta  fibi  inxicem  junguntur  coeuntibus  earum 
pun&is  contaftusl  &  t  vel  T  &  T,  &  crura  Hyper¬ 
bola  fefe  decuflando  in  Ovalem  continuantur,  figu- 
ram  nodatam  efficients.  Quae  fpecies  eft  fecunda. 

Si 
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Si  e  radicibus  tres  maxim®  Ay,  At,  A®,  vel  tres k>.  Slff, 
mininiae  A  •*,  A  -nr,  A  P  cequentur  inter  fe,  Nodus  in 
cufpidem  acutiffimum  convertetur.  Nam  crura  duo 
Hyperbol®  circumfcript®  ibi  in  angulo  contadus 
concurrent  &  non  ultra  producentur.  Et  h®c  eft 
fpecies  tertia. 

Si  eradicibus  du®  medi®  Aw&Ai  ®quentur  in-  &£■  7- 
ter  fe,  punda  contadus  T  &7  coincidunt,  &  propte- 
rea  Ovalis  interjeda  in  pundum  evanuit,  &  conftat 
figura  ex  tribus  Hyperbolis,  infcripta,  circumfcripta 
&  ambigena  cum  funBo  conjugate.  Qu®  eft  fpecies 
quarta. 

Si  du®  ex  radicibus  funt  impoffibiles  &  reliqu®  7,8,13,1+- 
du®  in$quales  &  ejufdem  figni  (nam  figna  contraria 
habere  nequeunt,)  fur  a?  habebuntur  Hyperbol®  tres 
fineOvali  vel  Nodo  vel  cufpide  vel  pundo  conju¬ 
gate,  &h®  Hyperbol®  vel  ad  latera  trianguli  ab 
Afymptotis  comprehenfi  vel  ad  angulos  ejus  jacebunt 
&  perinde  fpeciem  vel  quintain  vel  fextam  confti- 
tuent. 

Si  e  radicibus  du®  funt  ®quales  &  alter®  du®A£.  9,10,15,15; 
vel  impoffibiles  funt  vel  reales  cum  (ignis  qu®  a  fig- 
nis  squalium  radicum  diverfa  funt,  figura  crucifor- 
mis  habebitur,  nempe  du®  ex  Hyperbolis  feinvicem 
,  decuffabunt  idq;  vel  ad  verticem  trianguli  ab  A- 
fymptotis  comprehenfi,  vel  ad  ejus  bafem.  Qu® 
du®  fpecies  funt  feptima  &  odava. 

•Si  deniq;  radices  omnes  funt  impoffibiles  vel  fi  %•  ",  u? 
omiies  funt  reales  &.  in®quales  &  earum  du®  funt 
affitmativ®  &  alter®  du®  negativ®,  tunc-du®  babe- 
bufitur  Hyperbol®  ad  angulos  oppofitos  duarum 

11  u  a  Afyrnp- 
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Afymptoton  cum  Hyperbola  anguine circa  Alymp- 
toton  tertiam.  Qucc  l'pecies  oil  nona. 

Et  hi  Hint  omnes  ratlin, im  cuius  poflibi'es.  Nam 
li  dua*  radices  Hint  acjualcs  inter  ie,  &  alia*  dure  Hint 
etiam  inter  l’e  aquales,  Figura  evadet  Sedio  Conica 
cum  linea  reda. 


Si  Hyperbola  redundans  lvabet:  unicam  tan  turn 
Diametrum  lit  ejus  Diameter  Able  i (la  A  B,  d  a?qua- 
tionis  hujus  ax3  |-  bxx-j  cx-jd-o  quirrc  tres  ra¬ 
dices  leu  va lores  x. 

Si  radices  ill®  Hint  omnes  reales  &  ejufdem  figni, 
Figura  conftabit  ex  Ovali  intra  triangulum  DcEi*  ja- 
ccntc  &  tribus  Hyperbolis  ad  angulos  ejus,  nempe 
circumfcripta  ad  angulum  D  &  inlcriptis  duabus  ad 
angulos  d  ik  Ft  liav  ell  l'pecies  decima. 

Si  radices  dime  majores  Hint  ivqualcsN  tertia  ejuf- 
deni  figni,  crura  Hyperbola*  jacentis  verlus  1)  tele 
decuflfabunt  in  forma  Nodi  propter  contadum  Ova- 
lis.  Qua  fpecies  ell  undeeima. 

Si  tres  radices  l’unt  aquales,  Hyperbola  ilia  fit 
cufpdata  fine  Ovali.  Qua:  l'pecies  ell  duodecimo.. 

Si  radices  du®  minores  Hint  a'tjuales  &  tertia  ejui- 
dem  ligni,  Ovalis  in  pmflum  evanuit.  Qua*  fpecies 
ell  decima  tertia.  In  l’peciebus  quatuor  noviflimis 
Hyperbola  qua*  jacet  verlus  D  Afymptotos  in  lino 
i'uo  ampleditur,  relic) ua:  dua*  in  linn  Afymptoton 


Si  dua* ex  radicibus  Hint  impoflibiles  habebuntur  tres 
Hyperbola:  pune  fine  Ovali  decuflatione  vel  etilpide. 
Et  hujus  cal  us  fpecies  Hint:  quatuor,  nempe  decima 

la  circumfcripta  jacet  verlus  D  & 


decima  quinta  ft  Hyperbola  infcripta  jacetverfus  D, 
decima  fexta  fy  Hyperbola  circumfcripta  jacet  lub 
bafid^  trianguli  Dd^,  &  decima  feptima  fi  Hyper¬ 
bola  infcripta  jacet  fub  eadem  bati. 

Si  duss  radices  funt  cequales  8c  tertia  figni  diverfi  H: 
figura  erit  cruciformis.  Nempe  duac  ex  tribus  Hy-  F>s‘ 2?* 
perbolis  feinvicem  decuffabunt  idq;  vel  ad  verticem 
trianguli  ab  Afymptotis  comprehenfi  vel  ad  ejus  ba- 
fem.  Quae  dure  lpecies  funt  decima  octava  Sc  decima 
nona.  ■ 

Si  dure  radices  funt  imequales  &  ejufdem  figni  Sc 
tertia  eft  figni  diverfi,  dure  habebuutur  Hyperbola: 
in  oppofitis  angulis  duarum  alymptoton  cum  Con- 
choidali  intermedia.  Conchoidalis  autem  vel  jace-  A?- 2~; 
bit  ad  eal’dem  partes  afymptoti  fuse  cum  triangulo  F‘&' 2b" 
ab  afymptotis  conftituto,  vel  ad  partes  contrarias  ; 

&  hi  duo  cafus  conftituunt  fpeciem  vigefimam  &  vi- 
gefimam  primam. 

Hyperbola  redundans  quae  habet  tres  diametros 
conftat  ex  tribus  Hyperbolis  in  finubus  alymptoton  redundantes  cun% 
jacentibus,  idq;  vel  ad  angulos  trianguli  ab  afympto-  tribes DUmetm. 
tis  comprehenfi  vel  ad  ejus  latera.  Cafus  prior  dat  29. 
fpeciem  vigefimam  fecundam,&  pofterior  lpeciem  vi¬ 
gefimam  tertiam. 

Si  tres  afymptoti  in  pun£to  communi  fe  mutuo  xvm.' 
decuffant,  vertuntur  fpecies  quinta  &  fexta  in  w%T/dmLZ's 
fimam  quartam  ,  feptima  &  odtava  in  vigefimam  cum  Jfymjmh 
quintain,  Sc  nona  in  vigefimam  fextam  ubi  Anguinea 
non  tranfit  per  concurlum  alymptoton,  &  in  vigefi-  vergmibw. 
mam  feptimam  ubi  tranfit  per  concurfum  ilium,  quo 
cafu  termini  b  ac  d  defunt,  &  concurfus  afympto-  &g.  32": 
ton  eft  centrum  figurae  ab  omnibus  ejus  partibus^-33* 


Et  list  quatuor  fpecies 
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oppofitis  xqualiter  diftans. 

Diametrum  non  habent. 

Vertuntur  etiam  ipecies  decima  quanta  ac  decima 
lexta  in  vigefimam  oStavarn,  decima  quinta  ac  d.- 
cima  ieptima  in  vigelimam  nonam,  decima  octava 
&  decima  nona  in  tricelimam,  Sc  vigefima  cuin  vige- 
lima  priina  in  tricelimam  primarn.  Et  lire  ipecic- 
unicam  habent  diametrum. 

Ac  deniq;  ipecies  vigefima  lecunda  Sc  vigefima 
tertia  vertuntur  in  ipeciem  tricelimam  iecundam  cu- 
jus  tres  Hint  Diametri  per  concurtum  alymptoton 
tranfeuntes.  Qua  omnes.  converfiones  iacillime  in- 
teliiguntur  faciendo  ut  triangulum  ab  afymptoti? 
comprehenfum  diminuatur  donee  in  punftum  eva- 
nefcat. 


xix.  Si  in  primo  xquationum  calu  terminus  ax5  ne- 

Hyperbou  fix  nativus  eft,  Figura  erit  Hyberbola  defe&iva  unicam 
n- um  non  habens  alymptoton  &  duo  tantum  crura  Hyperbo 
Us‘  lica  juxta*  alymptoton  illam  in  plagas  contrarias  in¬ 

finite  progredientia.  Et  afymptotos  ilia  eft  Ordi- 
nata  prima  &  principalis  A  G.  Si  terminus  e  y  non 
deeft  figura  nullam  habebit  Diametrum,  ft  deeft  ha~ 
bebit  unicam.  In  priori  cafu  Ipecies  lie  enume- 


rantur. 

j-;>.  ssi.  Si  aquationis  hujus  a  x4 = b  x3  -\-  c  x  x-]-  d  x  \  e  e, 

radices  omnes  Att,  A  P,  A/>,  A  nr,  funt  reales  &  in- 
requales,  Figura  erit  Hyperbola  anguinea  aiympto- 
ton  ilexu  contrario  amplexa,  cum  Qvali  conjugata. 
Quae  ipecies  eft  tricefima  tertia. 

•'y.  -x--  Si  radices  dux -mediae  A  P  Sc  Ap  cequentur  inter 

le,  Ovalis  Sc  Anguinea  junguutur  l’ele  deculfantes 
in  forma  Modi.  Qux  eft  Ipecies  tricefima  quartu. 
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Si  tres  radices  liinc  aequaies,  x\oaiis  vertetur  in-%.  41.' 
cuffidem  acutifijmum  in  vertice  anguineae.  Et  haec 
eft  fpecies  tricesima  quinta. 

Si  e  tribus  radicibus  ejufdem  figni  duae  maxims  %•  43- 
A|&  A®  fibi  mutuo  squantur,  Ovalis  in  funttum 
evanuit.  Quae  fpecies  eft  tricefima  fexta. 

Si  radices  duae  qua: vis  imaginaris  funt,  fola  ma- 
nebit  Anguinea  fura  line  Ovali,,  decuftatione,  cuf- 
pide  vel  pundto  conjugato.  Si  Anguinea  ilia  non  %.  42J . 
tranfit  per  pundtum  A  fpecies  eft  tricefima  feptima, 
fin  tranfit-  per  pundtum  illud  A.  ( id  quod  contingit  Fi£-  43-; 
ubi  termini  b  ac  d  defunt,)  pundtum  illud  A  erit 
centrum  figurae  redtas  omnes  per  ipfum  dudtas  Sc 
ad  Curvam  utrinq;  terminatas  bifecans.  Et  hsc 
eft  fpecies  tricefima  odtava. 

In  altero  cafu  ubi  terminus  ey  deeft  Sc  propterea  XX. 
figura  Diametrum  habet,  fi  squationis  huius  ax* 
-bxx-pcx4-d  radices  omnes  AT,  At,  At,  funt  mttrim  hd\n- 
reales,  inaequalesSc  ejufdem  figni,  figura  erit  Hyper-  IT 
bola  Conchoidalis  cum  Ovali  ad  convexitatem.  Quae  IS'  45‘ 
eft  fpecies  tricefima  nona. 

Si  duae  radices  funt  inaequales  Sc  ejufdem  figni  Sc  %-44- 
tertia  eft  figni  contrarii,  Ovalis  jacebit  ad  concavi- 
tatem  Conchoidalis.  Eftq;  fpecies  quadragefima. 

Si  radices  duae  minores  AT,  At  funt  squales  %  4s. 

Sc  tertia  A.t  eft  ejufdem  figni,  Ovalis  Sc  Conchoi¬ 
dalis  jungentur  fefe  decuflando  in  modum  Nodi. 

Quae  fpecies  eft  quadragefima  prima. 

Si  tres  radices  funt  aequaies,  Nodus  mutabitur  in  Ay.47; . 

Cuff  idem  8z  figura  erit  Cijfois  Vetenm,  Et  hsec  eft 
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Si  radices  duse  majores  funt  sequales,  &  tertia  eft: 
ejufdem  figni, Conchoidalis  habebit  fanclum  conju- 
gatum  ad  convexitatem  fuam,  eftq;  lpecies  quadra- 
gefima  tertia. 

Si  radices  duae  funt  sequales  &  tertia  eft  figni  con¬ 
tra  rii.  Conchoidalis  habebit  pm  (Bum  conjugatum 
ad  concavitatem  fuam,  eftq;  lpecies  quadragelima 
quarta. 

Si  radices  duae  funt  impoffibiles  habebitur  Con¬ 
choidalis  pura  fine  Ovali  ,  Nodo ,  Culpide  vel 
punSto  conjugate.  Quae  lpecies  eft  quadragelima 
quinta. 

......  Siquando  in  primo  aequationum  cafu  terminus  ax5 

tem^ParaboIcx  deeft  8c  terminus  b  x  x  non  deeft,  Figura  erit  Hy- 
JDiamettmm  non  perbola  Parabolica  duo  habens  crura  Hyperbolica  ad 

. .  unam  Alympto ton  SAG  Sc  duo  Parabolica  in  pla- 

gam  unam  Sc  eandem  convergentia.  Si  terminus 
ey  non  deeft  figura  nullam  habebit  diametrum,  fin 
deeft  habebit  unicam.  In  priori  cafu  fpecies  funt 
ha;. 

Si  tres  radices  AP,  A™-,  Aw  sequationis  hujus 
b x?-|- c x  -j~dx-H  ee  =  o  funt  insequales  Sc  ejufdem 
figni,  figura  conftabit  exOvali  Sc aliis  duabus  Curvis 
quae  partim  Hyperbolicae  funt  Sc  partim  Parabolica;. 
Nempe  crura  Parabolica  continuo  du&u  junguntur 
cruribus  .Hyperbolicis  fibi  proximis.  Et  hsec  eft 
fpecies  quadregefima  fexta. 

Si  radices  duse  minores  funt  aequales  Sc  tertia  eft 
ejufdem  figni,  Qvalis  &  una  Curvarum  illarum 
Hyperbolo-Parabo.licarum  junguntur  Sc  fe  deculfant 
in  forma m  Nodi.  Qua1  lpecies  eft  quadragelima 
feptima. 

JL  » 
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Si  tres  radices  Hint  a-quales,  Nodus  ilte  in  Cuf- 
iem  veititur.  Kftq;  fpcciespiuadrageluna  odtava. 

Si  radices,  dun?  mujores  font  axj  miles  Sc  tertia  eft  Fiz-  S3- 
•ejufdem  ligni,  Ovalis  in  y  mi  Slum  conjugatum  eva- 
nuit.  Qua?  fpeeies  elt  quadrageliina  nona. 

Siduae  radices  fun!:  impoilibiles,  manebunt  fw\c  53,54- 
ills  dure  curvic  Hyperbolc-parabolica:  line  Ovali, 
decuffatione,  cuipide  vel  pundlo  conjugate,  &  lpe- 
ciein  quinquagefumm  conftituent:. 

Si  radices  dine  1  lint  tequales  &  tertia  eft  figni  eon- ”• 
trarii,  Curva*  ilia;  hyperbolo-parubolica:  junguntur 
fefe  decufliuulo  in  moreni  crucis,  Eltqj  fpeeies  quin- 
quagelinia  prima.  . 

Si  radices  dua  I'unt  iua’quales  Nc  ejufdem  figni  &  *'£• 
tertia  eft  figni  cmitrurii,  ligura  evadet  Hyperbola 
anguinea  circa  Alymptoton  AG,  cum  Parabola  con¬ 
jugate.  Et  litre  eft  fpeeies  quinquageiitra  feeundu. 

In  altero  cafu  ubi  terminus  ey  deeft  Sc  ligura  fJ  ( 

Diamctrum  habet,  G  dua*  radices  aquationis  liujus  tnJ^VJJkT 
bxx~S'CX-j-d-~  o  lunt  impoilibiles,  dute  habentur  h“~ 

figur*  hyperbolo-jwraboliea?  a  Diametro  A  B  hinc  e^7, 
inde  aqua  liter  diftantes,  QuaMpecieseftquinqua- 
geftma  tertia. 

'  Sisequationis  illius  radices  dure  funt  impqffibiks,  Gr- s«- 
Figure  hyperbolo-panibolUcx  junguntur  lbl’e  de- 
euuantes  in  inorem  crucis,  &  fpeciem  quinquugefi’- 
111am  quartam  conftituunt. 

Si  radices  tike  Hint  ititvquales  Sc  ejufdem  figni,  ha-  *'«• 
betur  Hyperbola  Conchoidalis  cum  Parabola  ex 
eodem  latere  Alymjptoti.  Kltq;  fpeeies  qumquuge- 
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Si  radices  ills-  funt  figni  contrarii,  habctur  Con- 
choidalis  cum  Parabola  ad  alteras  partes  Alymptoti. 
Qua*  fpecies  eft  quinquagclima  fexta. 

[Siquando  in  prinio  aquationum  cafu  terminus 
uterq;  a  x1  &bxx  deed,  iigura  erit  Hypcrbolifmus 
fedionis  a  lieu  jus  Conica1.  Hyperbolilmum  iigura: 
voco  cu jus  Ordinata  proditapplicandocontentum  fub 
Ordinata  iigura’  illius &  recta  data  ad  Ablciflam  com- 
munem.  Hue  ratione  linen  retta  vertitur  in  hyper- 
bolam  Conica m,  Sc.  leCtio  omnis  Conica  vertitur  in 
aliquant  iigurarum  quas  hie  Hyperbolilinos  fedio- 
nmn  Conicarum  voco.  Nam  aquatio  ad  iiguras 
de  quihus  agimus ,  nempe  x y  y -\  c y  ex  )  d,  leu 
e-t  /4’c  -\  qd  x  q  4.  exx  generatin'  appli- 

y  ....  ■  —  '  _  ..  ..  , 

cando  contentum  fub  Ordinata  tediums  Conica 
e+/'ee-|  qd  x  t  4 t x  x  dv  reCta  data  in  ad  curvarum 

:i  ill 


Ablciflam  communcm  x.  Unde  liquet  quod  ligura. 
genita  Hypcrbolifmus  erit  Hyperbola’,  Kllipfeos  v cl 
Parabolae  perinde  ut  terminus  ex  aflirniativus  eft 
vel  negativus  vcl  nullus. 

Hypcrbolifmus  Hyperbola1  ties  Iiabct  afymptotos 
quamm  una  eft  Ordinata  prima  &  principalis  Ad, 
alters  duoe  lunt  parallels!  Ablciflae  A  B  A  ah  eadem 
hinc  inde  aqua  liter  diftant.  In  Ordinata  principal! 
Ad  cape  Ad,  A"1  hinc  inde  aquales  quantitati.  //c 
Sc  per  nunda  d  ac  age  dg,  J  >  Afymptotos  Ab- 
feifla  A  B  parallelas. 

Ubi  terminus  ey  non  deeft  iigura  nuilani  Iia¬ 
bct  diametrum.  In  hoc  cafu  (i  axpiationis  hujus 
c  x  x  |  d  x  - j  e  =  o  radices  dme  A  P,  A  v  lunt  reales 

& 


&  unequal  es  (  nam  sequales  effe  nequeunt  nifi  figura  si. 
fit  Conica  fedtio  )  figura  conftabit  ex  tribus  Hyper- 
bolis  fibi  oppofitis  quarum  una  jacet  inter  afymp- 
totos  parallelas  &  alters  duae  jacent  extra.  Et  hsc 
eft  fpecies  quinquagefima  feptima. 

Si  radices  illae  duae  funt  impoffibiles,habentur  Hy¬ 
perbolae  duae  oppofitae  extra  afymptotos  parallelas  & 
Anguinea  hyperbolica  intra  eafdem.  Hcec  figura 
duarum  eft  fpecierum.  Nam  centrum  non  habet  ^ 
ubi  terminus  d  non  deeft  ;  fed  fi  terminus  ille  deeft  63 - 
pundtum  A  eft  ejus  centrum.  Prior  fpecies  eft  quin¬ 
quagefima  odtava,  pofterior  quinquagefima  nona. 

Quod  fi  terminus  ey  deeft,  figura  conftabit  ex  ^ 
tribus  hyperbolis  oppofitis  quarum  una  jacet  inter 
afymptotos  parallelas  &  alters  duae  jacent  extra  ut 
in  fpecie  quinquagefima  quarta,  &  praeterea  diame- 
tram  habet  quae  eft  abfciffa  AB.  Et  haec  eft  fpecies 
fexagefima. 

Hyperbolifmus  Ellipfeos  per  ha-nc  aequationem  de-  xxiv. 
finitur  x  y  y  e  y  =  c  x -\-  d,  &  unicam  habet  afymp- 
toton  qua  eft  Ordinate  principalis  A  d.  Si  terminus  b£.  6%. 
ey  non  deeft, figura  eft  Hyperbola  anguinea  fine  dia- 
metro  atqj  etiam  fine  centre  ft  terminus  d  non  deeft. 

Quse  fpeeies  eft  fexagefima  prima. 

At  fi  terminus  d  deeft,  figura  habet  centrum  fine  Rg-66. 
diametro  &  centrum  ejus  eft  pundtum  A.  Species 
vero  eft  fexagefima  fecunda. 

Et  fi  terminus  ey  deeft  &  terminus  d  non  deeft,  Fi£-  6i- 
figura  eft  Conchoidalis  ad  afymptoton  A  G,  habetqj 
diametom  fine  centra,  &•  diameter  ejus  eft  Abfciffa' 

AB.  Quae  fpecies  eft  fexagefima-  terfia. 

Xx  $  ■  Hyper-- 
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Hypcrbol  Minus  Parabola  per  hunt-  aquationem 
ddiniturxyyd  ey cl;  cv  duashabet  ulymptotos, 
AbfcilVam  A  B  i\  Ordinatam  primam  A  principalcm 
AG.  Hyperbola1  vero  in  hat  liguva  hint  dua,  non 
in  alymprotoii  a npyiil is  oppolitis  led  in  angulis  c|ui 
An  it  deinccps  jacenfes,  idq;  ad  umunq;  la  t  its  ab¬ 
le!  Ila*  A  B,  ec  vel  line  diametro  1i  terminus  ey  ha- 
betur,  vel  cum  diametro  li  terminus  ille  deelK  Qua1 
dua1  lpecies  lunt:  iexagelima  quurta  <Sc  Itxagdimu 
quinta. 

In  fecundo  aquationum  cal'u  habebatur  xquatio 
x  y u  x1-]  bx  x~l  e  x-pd.  Kf  iigura  in  hoc  cal’u 


habet  quatuor  crura  infinitu  quorum  duo  liint  hy- 
perbolica  circa  afymptoton  AC*  in  contra rias  partes 
tendentia  (H;  duo  Parabolica  convergent  ia  l\  cum 
prioribus  lpecieni  Trident  is  fere  ellonnantia.  Kllcj ; 
bate  Figura  Parabola  ilia  per  cjuam  Gartclius  aqua- 
tiones  fex  dinienfionum  conllruxit .  Hue  ell  igitur 
lpecies  fexugefmia  fexta. 

In  tertio  cal'u  axjuatio  crat  yy  a  x  i  bxx  \  cx 
VT  A  Parabolum  ddignat  tnjus  eiura  divergunt 
ah  invicern  Sc  in  contrarias  partes  iniiiiite  progre- 
diuntur.  AbiVifla  AH  ell  cjus  diametet  Sc  lpecies  cjus 
flint  quint);  l'eq  unites. 

Si  a’quationis  a  xu \  bxs  |  ex-j  d  o  radices  (mi¬ 
nes  At  *  A  T,  A  t:  funt  reales  <Sc  iiurquales,  ligura  ell 
Parabola  divergens  umipunitonuis  cum  Ovali  ad 
vertkem.  Kt  lpecies  dl  iexagclima  ieptimu. 

Si  radices  time  funt  mi  miles,  Parabola  prod  it  vel 


nodal  a  coutingendo  Ovalem,  vel  fmuflaia 
infinite  parvam.  Qua1  dua’  lpecies  iiipt 


ni  nonu, 


[*$7] 

Sitres  radices  funt  Equates  Parabola  erit  cufp-  /•*».  75. 
claUi  in  verticc.  ht  hxc  ell  Parabola  Neiliuna  qua; 
vulgo  ieimcubica  clicitur. 

Si  radices  dux  iunt  impoifibilcs,  habetur  Parabola  73,74, 
fttra campaniformis  fpeciem  ieptuagcfimani  primam 

con  (lit uens. 

In  quarto  calu  xquato  erat:  y  a  x  -f  b  x  x-p  c  x  xxvnt. 
-|-d,  &  haec  -acquatio  Parabolam  illani  IVdlifimam 
defignat:  qua’  crura  ha  bet  contrariu  &  cubic  a  di- 
ci  lolet.  Kt  fic  fpodes  omnino  funt  feptuaginta 


du  a.’. 

Si  in  planum  infinitum  a  pundo  lucido  illumina- 
turn  umbra’  figurarum  projiciantur,  umbra;  fcdio- 
num  Conicarum  lumper  erunt  fediones  Conicag  ex 
Curvarum  fecundi  generis  femper  erunt  Curvar  fe¬ 
cundi  generis,  ear  curvarum  tertii  generis  femper 
erunt  Curva’  tertii  generis,  &  fic deinceps  in  infini¬ 
tum.  Et  quemudmoduni  Circulus  umbnim  proji- 
ciendo  genera t  fediones  omnes  conicas,  fie  .Parabolae 
quinqji  divergentes  umbris  fuis  genera nt  &.  cxhi- 
bent  alias  omnes  fecundi  generis  curvas  ,  (k  fic 
Curvx  quaedam  fimpliciores  aliorum  generum  inve- 
niri  poflunf  quae  alias  omnes  eorundem  generum 
curvas  umbris  fins  a  pundo  lucido  in  planum  pro- 
jedis  fcrmabunt. 

Diximus  Curvas  fecundi  generis  a  lined  redia  in 
pundis  tribus  fecari  pofle.  Horum  duo  nonnun- 
quam  coinddunt.  lit  cum  reda  per  Ovalein  infi¬ 
nite  parvarn  t unfit  vel  per  concurlum  duarum  pur- 
tium  Curvte  fe  mutuo  fecantium  vel  in  eulpidem 
coeuntium  ducitur.  Et  fiquando  reda  omnes  in 


XXIX. 

Gcuefis  Curva- 
rum  per  ‘Umbras* 


XXX. 

Cur  varum  pun-* 
thi  tluplai* u 


XXXI. 

‘Theoremata  de 

Curvarum  de~ 
Jcriptione  orga* 
me  a, 

Bg.  78. 


plagam  cruris  alicujus  infiniti  tendentes  Curvam 
in  uni  co  tantum  pundo  lecant  (ut  fit  in  ordinatis 
Parabolae  Cartefiana  &  Parabolae  cubic®,  nec  non  in 
redis  AbfcifT®  Hyperbolifmorum  Hy berbolae  Sc  Para¬ 
bolae  parallels  )  concipiendum  eft  quod  red®  ill® 
per  alia  duo  Curvse  punda  ad  infinitam  diftan- 
tiam  fita  (  ut  ita  dicam  )  tranleunt.  Hujufmodi 
interfediones  duas  coincidences  five  ad  finitam 
fint  diftantiam  five  ad  infinitam,  vocabimus  pun- 
dum  duplex.  Curvae  autem  quae  habent  pun- 
dum  duplex  deferibi  poffunt  per  fequentia  Theo- 
remata. 

1  .Si anguliduo magnitudinedati PAD,  PBD  circa 
polos  pofitione  dates  A,  B  rotentur,  8c  eorum  crura 
A  P,  BP  concur fu  fuo  P  pereurrant  lineam  redam ; 
crura  duo  reliqua  AD,  BDeoncurfu  fuo  D  deferi- 
bent  fedionem  Conicam  per  polos  A,  B  tranfeun- 
tem  :  preeterquam  ubi  lineailla  reda  tranfit  per  po- 
lorum  alterutrum  A  vel  B,  vel  anguli  B  A  D,  A  B  D 
fimul  evanefeunt,  quihus  in  cafibus  pundum  D  de- 
feribet  lineam  redam. 

2.  Sr  crura  prima  A  P,  BP  concurfu  fuo  P 
pereurrant  fedionem  Conicam  per  polum  alter¬ 
utrum  A  traiifeuntem,  crura  duo  reliqua  AD,  BD 
concurlli  fuo  D  deferibent  Curvam  feeundi  gene¬ 
ris  per  polum  alterum  B  tranleuntem  8c  pun- 
dura  duplex  habentem  in  polo  primo  A  pqjr  quern 
fedio  Coniea  tranfit  :  praeterquam  ubi  ‘  anguli 
BAD,  ABD  fimul  evanefeunt,  quo  cafu  pun- 

dum 
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£tum  D  defcribet  aliam  fedionem  Conicam  per  po- 
luin  A  tranfeuntem. 

g.  At  fi  fedio  Conica  quam  pundum  P  percur- 
rit  tranfeat  per  neutrum  polorum  A,  B,  pundum 
D  defcribet  curvara  fecundi  vel  tertii  generis  pun- 
dum  duplex  habentem.  Et  pundum  illud  duplex 
in  concurfu  crurum  defcribentium,  AD,  BD  in- 
venietur  ubi  anguliBAP,  A  BP  limul  evanefcunt. 

Curva  autem  deferipta  fecundi  erit  generis  fi  an¬ 
guli  BAD,  ABD  fimul  evanefcunt,  alias  erit  ter- 
tii  generis  &  alia  duo  habebit  punda  duplicia  in 
polls  A&B. 

Jam  fedio  Conica  determinate  ex  datis  ejus  xxxn. 
pundis  quinq;  &  per  eadem  fic  defcribi  poteft. 

Dentur  ejus  punda  quinq;  A,  B,  C,  D,  E.  Jun -do  per  data-in- 
gantur  eorumtria  quaevis  A,  B,  C  &  trianguli  A  B  C 
rotentur  anguli  duo  quivis  CAB, ^C BA  circa  ver¬ 
tices  fuos  A  &  B,  &  ubi  crurum  AC,  BC  interfedio 
C  fucceffive  applicatur  ad  punda  duo  reliqua  D,E, 
incidat  interfedio  crurum  reliquorum  AB  &  B  A 
in  punda  P  &  Q.-  Agatur  &  infinite  producatur 
redaPQ,  &  anguli  mobiles  ita  rotentur  ut  inter¬ 
fedio  crurum  AB,  BA  percurrat  redam  PQ,  & 
crurum  reliquorum  interfedio  C  defcribet  propofi- 

tarn  fedionem  Conicam  per  Theorema  primum. 

.  XXXIII. 

.  Carmnim  fe« 

Curves  omnes  fecundi  generis  punctum  duplex  cundigewmym- 
habentek  determinants  ex  datis  earum  pundis 
feptem,  quorum  unum  eft  pundum  illud  duplex,  ti0  per  data 


&  per  cadent  pun6hi  lie  ddcribi  poflunt.  Dentur 
C.  nr  vie  dd'cribcndx  punda  quxbbct  leptem  A,  I 
I.),  I',  F,  G  quorum  A  oil  pundum  duplex.  Jun- 
gantur  pun&unt  A  &  alia  duo  quads  e  pundis  puta 
B  &  C  ;  .Sc  trianguli  ABC.  rotetur  turn  aiiguhis 
CAB  circa  verticem  iuum  A,  Mini  angulorum  reli- 
quonini  alter  liter  A  BC  circa  verticem  Ilium  B.  lit: 
ubi  crurum  AC,  BC  concurlus  C  linvdlnv  appli- 
catur  ad  puncta  quatuor  reliqua  I),  I1.,  I'd  1  incidat 
concurlus  cruruin  rcliquorum  A  H  d  BA  in  pundit 
quatuor  P,  Q,  R,  S.  Per  punda  ilia  quatuor  R 
quintum  A  delcribatur  iedio  Conica,  N  anguli  pnr- 
iliti  CAB,  C  B  A.  itu  rotentur  ut:  crurum  All,  B  A 
concurlus  percurrat  ictl'ionem  illam  Couicam  , 
■concu rills  rcliquorum  minim  AC.,  BCi  dd'cribcl: 
Curvam  propolitam  per  1  heurema  iecundttm. 

Si  vice  piin&i  C  datur  politione  reel  a  BC  qua’ 
Curvam  ddcribendam  taugir  in  B,  linex  Al),  AP 
coincident,  &.  vice  anguli  DA  P  habebitur  linea  red  a 
circa  polum  A  rotunda. 

Si  pundum  duplex  A  inlinite  diflat  tlebebit  Reda 
ad  plagajn  pund’i  illius  perpetuo  dirigi  A  molu  pa* 
■rallclo  t'erri  iuterea  dum  angulus  ABC  eirea  polum 
B  rotatin'. 

Ddcribi  ctium  poflunt  ha’  cunx  paulo  a  liter  per 
.1  heorema  tertium,  led  delcripi  ionem  iimpliciorem 
poluifle  luflicit. 

J'.adem  uiethodo  Curi  as  tertii,  quurfi  N  fuperio- 
tum  generum  ddlribere  licet,  non  onmes  ijuidem 
led  quotquot  ratione  aliqua  eommoila  per  motum 
localem  ddcribi  poflunt.  Nam  curvam  aliquant 

fccundi 


fecuntU  vel  fuperiorts  generis  pundtum  duplex  non 
habentem  commode  deferibere  Problema  ell  inter 
diffictliora  numerandum. 

Curvarum  ulus  in  Geometria  ell  ut  per  earum  xxxiv. 
intcafecHones  Problemata  folvuntur.  Proponatur  nS'r^n,tH"  ? 
aquatic  conltruenua  duneniionum  novem  x9i  -|-bx7  faiftiowmCv r- 
4-  c  x6  ~i"  d  x?  •  |  e  x+  •  K  x  i  - 1  g  x  x  -  \-  h  x  \-  k  =  o.  Ubi  wn‘m- 

m 

b,  c, 'd,  _bV.  iigniticant  quantitates  quafvis  datas 
(ignis  Ibis  ~1~  & --<  ailectas.  Aflumatur  aequatio  ad 
Parabolam  cubicam  x’“y,  &  aequatio  prior,  lcrt- 
bendo  y  pro  x’, .evadct  y'-pbxyy  cyy-j-dxxy 
-pexyd-myi  fx-q  gxx-|  hx-j  k  =  o,  aequatio  ad 
Curvam  aliam  fecundi  generis.  Ubi  m  vel  f  deeflfe 
poteft  vel  pro  lubitu  aflumi.  Kt  per  harum  Cur  va¬ 
rum  dcicriptiones  &  interfedlioncs  dabuntur  radices 
aequationis  eouilruendti’.  Parabolam  cubicam  lcmel 
deferibere  lufficit. 

Si  sequatio  conftrucnda  per  defedtum  duorum  ter- 
minorum  ultimorum  hx  &  k  reducatur  ad  leptem 
dimenfiones,  Curva  altera  dclendo  in,  habebit  pun- 
dtum  duplex  in  prtneipio  a  b  lei  (la1,  &  hide  facile  de¬ 
fer  ibi  .poteft  ut  lupra.  ■  .  f 

Si  aequatio  conftrucnda  per  defedtum  term  mo- 
ram-  trium  ultimorum  gxxq  hx-|-k  reducatur  ad 
fex  dimenfiones j  Curva  altera  dclendo'  f  evadet 
fedtio  Conica. 

Et  li  per  defectum  fex  ultimorum  terminonnn 
aequatio  conitruenda  reducatur  ad  tres  dimenfiones, 
keidetur  in  conlh  uitionem  IViilliftmam  per  Para¬ 
bolam  cubicam  &  lineam  rcitum. 

yy 


Con 
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Conftrui  etiam  poflfunt  aequationes  per  Hyperbo- 
lithium  Parabola:  cum  diametro.  Ut  li  conftruenda. 
lit  here  sequatio  dimenfionum  novem  termino  penul- 
timo  carens,  a -p  c  x  x -|-  d x3  ex4 -p  f x  -p  g  xs  -|-  h  x7 

-|-  m 

-b  k  x8-l;  lx,  =  o  ;  affumatur  aequatio  ad  Hyperbolif- 
lnum  ilium  xxy  =  i,  &  feribendo  y  pro  aqua  do 
con ftruenda  vertetur  in  hanc  ay 5 -p  c  y  y  -p  d  x  y y  -p  e  y 
-j-  f  x  y  +  m  x  x  y  -p  g-p  hx-pkxx-plx5  =  o,  q  uae  cur- 
vam  ”  fecundi  generis  defignat  cujus  deferiptione 
Problema  folvetur.  Et  quantitatum  m  a  eg  alter- 
utra  hie  deeffe  poteft,  vel  pro  lubitu  affumi. 

Per  Parabolam  cubicam  &  Curvas  tertii  generis 
conftruuntur  etiam  aquationes  omnes  dimenfionum 
non  plulquam  duodecim,  &  per  eandem  Parabolam 
8c  curvas  quarti  generis  conftruuntur  omnes  dimen¬ 
fionum  non  plufquam  quindecim,  Et  fic  deinceps  in 
infinitum.  Et  curvas  ilia:  tertii  quarti  Sc  fuperiorum 
generum  deferibi  femper  poffunt  inveniendo  eorum 
nuncta  per  Geometriam  planam.  lit  fi  conftruenda 
fit  aequatio  x12  * -pax,0-pbx9-pcx8-pdx7-pex6-pfxf 
fi-g x4  -p  h x3  -p-  ix x  -p  kx  -p  1  =  o  ,  8c  deferipta 

habeatur  Parabola  Cubica ;  fit  aequatio  ad  Pa¬ 

rabolam  illam  cubicam  x3  =  y  ,  &  feribendo  y 
pro  x*  oequatio  conftruenda  vertetur  in  hanc 
y<  -paxy3  ~pcxxyy  -pfxxy  ~pi xx  =  o  ,  quae  eft 
-pb  -pdx  -p.gx  -pk  x 

.  p-e  -ph  _-pi_ 

aequatio  ad  Curvam  tertii  generis  cujus  deferiptione 
Problema  folvetur.  Deferibi  autem  poteft  haecCurva 
inveniendo  ejus  purnfta  per  Geometriam  planam, prop- 
terea  quod  indeterminata  quantitas  %  non  nils  ad 
duas  dimenfiones  afeendit 


QUantitates  Mathematicas  non  ut  ex  partibus 
quam  minimis  conftantes,  led  ut  motu  conti- 
nuo  defer  ip  tas  hie  confidero.  Lineac  delcri- 
buntur  ac  deferibendo  generantur  non  per  appofi- 
tionem  partium  fed  per  motum  continuum  pundto- 
rum,  fuperficies  per  motum  linearum,  folida  per 
motum  iuperfieierum,  anguli  per  rotationem  late- 
rum,  tempera  per  fluxum  continuum,  Sc  fie  in  ex* 
teris.  Hae  Genefes  in  rerum  natura  locum  vere  ha- 
bent  Sc  in  motu  corporum  quotidie  cernuntur.  Et 
ad  hunc  modum  Veteres  ducendo  redtas  mobiles  in 
longitudinem  redtarum  immobilium  genefin  docue- 

Confiderando  igitur  quod  quantitates  aquulibus 
ttemporibus  crefcentes  Sc  crefcendo  genittr,  pro  velo- 
citate  majori  vel  cninori  qua  crefcunt  ac  generantur, 
evadunt  majores  vel  minores  j  methodum  quacrebam 

deter* 


t'i*n 

determinandi  quantitates  ex  veiocitalibus  motuum 
vel  incrementorum  quibus  generantur  ;  &  has  mo¬ 
tuum  vel  incrementorum  velocitates  noininando  Flu- 
xiones  &  quantitates  genitas  nominando  Fluentes ,  in- 
cidi  paulatim  Amis  1 66 5  &  1 66 6  in  Methodum Flu- 
xionum  qua  hie  ufus  fum  in  Quadratura  Curvarum. 

Fluxiones  funt  quam  proxime  ut  Fluentium  aug- 
menta  aequalibus  temporis  particulis  quam  minimis 
genita,  &  ut  accurate  loquar,  funt  in  prima  ratione 
auginentorum  nafeentium;  exponi  autem  poftunt  per 
tineas  quafeunq;  quae  funt  ipfis  proportionates.  Lit 
Fig-  1*  ti  areas  ABC  ,  ABDG  Ordinatis  BC,  BD  iuper 
bah  A  B  uniformi  cum  motu  progredientibus  deferi- 
bantur,  harum  arearum  fluxiones  erunt  inter  fe  ut 
Ordinata:  deferibentes  BC  6c  BD,  &  per  Ordinatas 
illas  exponi  poftunt,  propterea  quod  Ordinata:  ilia; 
funt  ut  arearum  augments  nafeentia.  Progre- 
diatur  Ordinata  BC  de  loco  fuo  BC  in  locum 
quemvis  novum  b  c.  Compleatur  parallelogram- 
mumBCEb,  ac  ducatur  redfa  VTH  qua:  Cur- 
vam  tangat  in  C  ipfilq;  be  &  B  A  produdis  occur- 
rat  in  T  &.  V  :  &  Abiciffae  A  B,  Ordinatae  B  C,  & 
Line®  Curvae  A  C  c  augments  modo  genita  erunt 1 
Bb,  Ec  &  Gc  j  &  in  horutri  augmentorum  nafeeiv 
tium  ratione  prima  funt  latent  trianguli  CET,ideoq; 
fluxiones  ipfarum  AB,  BC  8c  AC  lunt  ut  trianguli 
i  Hi  us  GET  latera  CE,  ET&CT  '&  per  eadein 
latera  exponi  polfunt,  vel  quod  perinde  eft  per  la- 
tera  trianguli  confimilis  V  B'C. 

'  Eodem  recidit  ft  finnan tur  fluxiones  in  ultima 
ratione  partium  evaneltentium.  Agatur  reda  Cc 
&  producatur  eadem  ad'K.  Redeat  Ordinata  be 
■  in 


[i<*7] 

in  locum  fuum  priorem  B  C,  &  coeuntibus  pundtis 
C&c,  reda  CK  coincidet  cum  tangcnte  CH,  & 
tria'ngulum  evandcens  GEc  in  ultima  Ilia  forma 
evadet  fitnile  triangulo  GET,  d  ejus  latent  evanef- 
centiaCE,  Kc  &  Cc  erunt  ultimo  inter  ie  ut  font 
trianguli  alteriu*  CE  J  lutera  Civ,  1 ,  !.  A  C  1  , 
proptvrca  in  hac  ratione  font  [Undone?  linearum  A  B, 
B.C&AC.  Si  punda  C  A  c  parvo  quo  vis  inter- 
vallo  ab  inviccm  dilhtnt'  reda  Civ  parvo  interval lo  a 
tangente  CH  dirtabit.  lit  reda  Civ  cum  tanged  to 
CHcoineidatK  rationed  ultima’  linearum  CK,Hc  & 

Cc  inveniantur,  debent  punda  C  A  c  coire  &  om~ 
nino  coincidere.  Errotvs  quaui  minimi  in  rebus 
mathemutieis  non  Cunt  conteumcndi. 

Simili  urgumento  b  circulus  eentro  B  radio  BC 
eleferiptus  in  longitudinem  Abicifl*  A  B  ad  angulos 
redos  uniformi  turn  motu  ducat "ur,  lluxia  iblidi  ge- 
niti  ABC  critut  circulus  illegencrans,  &  lluxio  Cu- 
perficid  ejus  erit  ut  perimeter  Circuli  illitis  & 
tuxio  lines  cur  vac  A  C  eonjundim.  Nam  quo  tem¬ 
pore  folitlum  ABC  generatin'  duccmio  circulum 
ilium  in  longitudinem  A  bill  H*  A  B,  eoclem  luper- 
ficies  eius  generatin' duamlo  perimelrum  circuit  il- 

*  ■> «  .  t  *  Jt  *  A  f  H 

airviv  AL. 

'em  It’et’i  alt  am  b'k*\ 

•’  _  «tr'l 


in  locum  iiavtim  Pb.  In 
4  a  cur  V t.  ipn  r  t;  squabs,  A  ad  AB  ducat  ur 
PD  fie,  ut  himuIus  b  P  i)  squalls  lit  anqulo  b  BC ; 

A  It  ««•  ..  %  *  i  i  ’  »  f  1  f  '*  t  Si  * 


triaugtilorum 

C 1) 


ent 


Rodent  jam  PI)  in  locum  fuum  priorem  PB  ut  aug- 
men ta  i i la  evaneleant,  &  evanelcentiuni  ratio  ulti¬ 
ma,  id  eit  ratio  ultima  Pb  ad  Db,  ea  erit  qua’  eit 
PB  ad  D  B,  cxi Rente  angulo  PDB  redo,  A  prop- 
terea  in  lrac  ratione  ell  fluxio  iplius  A  B  ad  lluxionern 
iplius  P  B. 

.Rcflti  ‘P  B  circa  datum  f Pol urn  7)  revolvens  jrrrt 
alias  duns  pojitione  data*  redid*,  si  B  Is'  si  H  in  B  1 5‘ 
Ji  •'  fjiwnlur  proper  tio  fluximutn  reel  arum  til  arum 
si  B  iS  si  E.  Progrediatur  reda  revolvens  P  B  de 
loco  i’uo  P  B  in  locum  novum  P  b  redas  A  B,  A  K  in 
pundis  bAe  fecantem,  A  red®  A  K  pa  nil  Ida  BC 
ducatur  ipti  Pboccurrens  in  C,&  erit  Bb  ad  BC  ut 
Ab  ad  Ac,  &  BC  ad  Kent  P  B  ad  P  K,  A  conjunct  is 
rutionibus  Bb  ad  Ke  ut  A  by.P  B  ad  AotPE. 
.Red eat  jam  tinea  Pbin  locum  fuum  priorem  P  B,  A 
augmentum  evandeens  Bb  erit  ad  augmentum  eya- 
nc  teens  Ke  ut  A  lb; P  B  ad  A  KxP K  ,  ideoq;' in 
Ivac  ratione  ell  lluxio  red®  A  B  ad  lluxionern  redtoc 
A  K. 

Mine  li  reda  revolvens  PB  linens  qualVis  Curvas 
politione  datas  lecet  in  pundis  B  A  K,  A  reda  jam 
mobiles  AB,  AK  Curvas  Idas  tangant  in  Bedioiium 
pundis  B  A  K  :  erit  iluxio  Curva:  quain  reda,  A  B 
tangit  ad  lluxionern  Curva1  quani  reda  A  K  tangit 
ut'ABxPB  ad  AivaPK,  Id  quod  etiam  evemet 
li  reda  PB  Curvam  aliquant  politione  datum  perpe- 
tuo  tangat  in  pundo  mobili  P. 

rlmt  quantum  x  mifmnuir  b'  hivenienda  Jh  fluxio 
(juantilalis  xn.  Quo  tempore  quantifas  x  lluemlo 

evadit  x  |  o,  quantifas  xa  evadet  x  j  oj%  id  dt 
per  methodum  lcrierum  intinitarum,  x"-!  mix'1”1 


•'-j-^oox^+toV.  Et  augmenta  o  St  noxtl‘H  !~i"ooxn'2 
jj-istfi.  funt  ad  invicem  ut  i  &  nx11'I-|-i~ioxn-2--j-  }gc. 
Evanefcant  jam  augmenta  ilia,  &  eorum  ratio 
ultima  erit  i  ad  nxt,‘I  :  ideoq;  fluxio  quantitatis 
x  eft  ad  fluxionem  quantitatis  x"  ut  i  adnx"-1. 

Similibus  argumentis  per  methodum  rationum 
primarum  &  ultimarum  colligi  poffunt  fluxiones  li- 
nearum  feu  reStarum  feu  curvarum  in  cafibus  qui- 
bufcunque,  ut  &  fluxiones  fuperficierum,  angulo- 
rum  &  aliarum  quantitatum.  In  finitis  autem  quan- 
titatibus  Analyfin  lie  inftituere,  &  finitarum  nafeen- 
tium  vel  evanefeentium  rationes  primas  vel  ultimas 
inveftigare,  confonum  eft  Geometric  Veterum  :  & 
volui  oftendere  quod  in  Methodo  Fiuxionum  non 
opus  fit  figuras  infinite  parvas  in  Geometriam  intro- 
ducere.  Peragi  tamen  poteft  Analyfis  in  figuris  qui- 
bufeunq;  feu  finitis  feu  infinite  parvis  quae  figuris 
evanefeentibus  finguntur  fimiles,  ut  8c  in  figuris  quae 
pro  infinite  parvis  haberi  folent,  modo  caute  pro-* 
cedas. 

Ex  Fluxionibus  invenire  Fluentes  Problema  dif- 
ficilius  eft,  8c  folutionis  primus  gradus  aequipollet 
Quadrature  Curvarum ;  de  qua  fequentia  oliin 
lcripfi. 


/  Zz  D  £ 


[  i7°  ] 


QUuntitates  indeterminatas  ut  motu  perpetuo 
,  creicentes  vel  decrei'ccntes,  id  eft  ut  fluen- 
tes  vel  defluentes  in  fequentibus  conlidero,defignoq; 
literis  z,  y,  x,  v,  &  earum  fluxiones  feu  edentates 

nvfcendi  noto  iildem  literis  pundatis  z,  y,  x,  v. 
Sunt  &  harum  fluxionum.  fluxiones  feu  mutationes 
magis  aut  minus  celeres  quas  ipfarum  z,  y,  x,  v 
fluxiones  fecundas  nominare  licet  &  fie  dignare 

z,  y,  x,  v,  &  harum  fluxiones  primas  feu  ipfarum 
z,  y,  x,  v  fluxiones  tertias  lie  z,  y,  x,  v,  &  quartas  lie 
/.,  y,  x,  v.  Et  quemadmodum  z,  y,  x,  v  funt  flu¬ 
xiones  quantitatum  z,y,  x,  v,  &  hse  funt  fluxiones 

quantitatum  z,  y,  x,  v  &.  hae  funt  fluxiones  quantita¬ 
tum  primarum  z,  y,  x,  v  :  fie  hae  quantitates  confide- 
rari  polfunt  ut  fluxiones  aliarum  quas  fic  delignabo, 


z. 


[  i7*  ] 

Z,  y,  x,  V,  Sc  hae  ut  (liixiones  aliarum  z,  y,  x,  v,  & 
hoe  ut  fluxiones  aliarum  z,  y0  x.,  v.  Dcfigrumt  igitur 

a  If  *  ♦  *  »  «»t 

z,  2,  z,  7.5  z,  z, '/,  z  (9V.  feriem  quantitatum  quarum 
quselibct  pofterior  eft  iluxio  prtccedentis  &  quadibet 
prior  eft  tlucns  quantitas  Huxionem  habeas  l’uble- 

quentem.'  Similis  eft  leries  /Ziz — zz,  /^az--  zz, 


/az — > 

vz  ,  //az  ; 

,  (Av/. . 

zz ,  /-ftiz 

feries  * 

tz-i  z~  az 

1  z-!  az  \ 

z'  az-j 

u — /,  a . . 

"  ’  7  1  . 

. 7  a— 

a- — z 


&  25 — t 

q.' _ Kt  notandum  eft  quod  quantitas  quad  i  bet 


a— z 


prior  in  his  iericbus  eft  ut  area  iigurae  eurvilini® 
cujus  ordinatim  upplicata  redtangulu  eft  quantitas 

pofterior  &  abfdflk  eft  7.  :  uti  fA iz  ~ . zz  area  curva* 

cujus  ordinata  eft  tAiz  -zz  &  ahfeiftk  z.  Quo  au- 
tem  fpedant  box  omriia  patebit  in  Propofttiombus 
quae  fequuntur. 


Zz  2 


PROP.  I.  PROB.  I 


‘Data  <squatione  quotcunq,  fluent es  quantitates  invot~ 
vente ,  invenire  fluxiones. 

Solutio. 

Multiplicetur  omnis  equationis  terminus,  per  in- 
dicem  dignitatis  quantitatis  cujufq;  fluentis  quam 
involvit,  &  in  fingulis  multiplicationibus  mutetur 
dignitatis  latus  in  fluxionem  fuam,  &  aggrega- 
tum  fa&orum  omnium  fub  propriis  fignis  erit 
equatio  nova. 


Sunto  a,  b,  c,  d  if 1c.  quantitates  determinate  & 
immutabiles,  &  proponatur  ccquatio  quaevis  quan¬ 
titates  fluentes  z,  y,  x  teV.  involvens,  uti  x3  — xy  y 
4.  a  a  z  — b} = o.  Multiplicentur  termini  primo  per 
indices  digaitatum  x,  &  in  fingulis  multiplieationi- 

bus  pro  dignitatis  latere,  feu  x  unius  dimenfionis, 
♦  •  * 

fcribatur  x,&  fumma faftorum  erit  3  x  x* — x  y  y  .Idem 

fiat  in  y  &  prodibit — *x  y  y.  Idem  fiat  in  z  &  pro- 

dibit  a  a.z.  Ponatur  fumma  faftorum  equalis  ni- 

hilo,  &  habebitur  equatio  3  X  x2  —  xyy  —  2x  y  y 

-|-a  a  z  =  o.  Dico  quod  hac  equatione  definitur  re- 
latio  fluxionum. 

De - 


[  1 7  3  3 

Demonfiratio. 

Nam  fit  o  quantitas  admodum  parva  8c  funto 

oz,  oy,  ox,  quantitatum  z,  y,  x  momenta  id  eft  in- 
crementa  momentanea  fynchrona.  Et  fi  quantita¬ 
tes  fluentes  jam  funt  z,  y  &  x,  hse  poft  momentum 

«  •  » 

temporis  incrementis  fuis  oz,  oy,  ox  au£tse,  evadent 
*  *  * 

z-j-oz,  y-j-oy,  x-f-ox,  qute  in  squatione  prima  pro 
z,  y  8c  x  fcriptae  dant  sequationem  x3 -j-^xxox 
gxooxx  o5x3  — xyy  —  oxyy — axoyy — axooy  y 

— xooyy — xo3y y  ~\~ aaz  -\-aaoz — b  3  =  o.  Subducatur 
squatio  prior,  8c  refiduum  divifum  per  o  erit  gxx* 

-j-^xxox  /x3oo  -  xyy-axyy  -axoyy  -xoyy  -xooyy 

-|-aaz=o.  Minuatur  quantitas  o  in  infinitum, 8c  neg- 

0  • 

leftis  terminis  evanefcentibus  reftab.it  ^xx2 — xyy 
— 2xyy  -paaz= o.  Q.  E.  D, 

Expiicatio  plenior. 

Ad  eundem  modum  fi  squatio  effet  x>- — xyy 
’-]-aa /ax-— yy — bj  =  o,  produceretur  3x2x- — xyy 
— 2xyy/aa/ax — yy  =  o.  Ubi  fi  fluxionem/ ax— yy 

tollere  velis,  pone  / ax — yy  —  z,  8c  erit  ax — yy  =  zs 

Sc, 


&  ( per  hanc  Propofitionem  )  ax — 2yy  =  2xz  feu 


a*— ayy 


z ,  hoc  eft 


a*— »yy 


-2 


ax- — yy 


—  ax— yy 


•  •  •  a3x — aaayy 

nide  qx2x — xyy- — -sxyy-j-  - — — — --  =  o 

2  // aX — yy 

Et  per  operationem  repetitam  pergitur  ad  fluxio- 
nes  iecundas,  tertias  &  fequentes.  Sit  aequatio 
<zy3- — z4-|-a4  =  o,  &  fiet  per  operationem  primam 

2yM-3zyy2 — 4zz3  =  o,  per  fecundam  zy3-j-6zyy2 
**  *  ••  • 

“V"  3  z.yy 2  4“  6zy'2y~4zz3~—  i  az2z2  —  °  7  per  tertiam 
zy3  4-  ?zyy2  4  ?zyy2  4  x8zy2y  4  ?zyyJ4  1 
■>  6  zy 3 — 4-zzs — q  6  zzz2 —  a  4Z3  z = o . 


Tibi  vero  fie  pergitur  ad  fiuxiones  fecundas,  ter¬ 
tias  &  fequentes,  convenit  quantitatem  aliquam  ut 
uniformiter  fluentem  confiderare,&  pro  ejus  iluxione 
prima  unitatem  fcribere,  pro  fecunda  vero  &  fe- 
quentibus  nihil.  Sit  sequatio  Zy3  —  z4  4  w  —  o,  ut 
sfupra  j  &  fiuat  z  uniformiter,  fitq;  ejus  fiuxio  unitas, 

&  fiet  per  operationem  primam  y3-\~3'£yy* — 4Z3  =  0, 

per  fecundam  6y y2  4  ^zyy2  4'6>zy2y —  xaz2  =  o, 

per  tertiam  ?yy24 1 Spy+Szyy2 4’ 1 8zyyy46zy3 
—a  42  =  0. 


[  !7$  ] 


In  hujus  autem  generis  sequationibus  concipien- 
d'um  eft  4u°ft  Auxiones  in  fingulis  terminis  fint  ejut- 

dem  ordinis,  id  eft  vel  omnes  primi  ordinis  y,  2, 


vel  omnes  fecundi  y, 


y2,  yz,  z2,  vel  omnes  tertii 


y,  yy,  yz,  yS  y\  y^2  &  & c.  Et  ubi  res  aliter.  fe 
habet  complendus  eft  ordo  per  fubintelleftas  fluxio- 
nes  quantitatis  uniformiter  fluentis.  Sic  sequatio 


noviffima  complendo  ordinem  tertium  lit  ^zyy1 
8zy2y-|-’3Z'yyM" 1  Szyyy-|'.6zy3 — aqz  z3  =  0. 


PROF.  II.  P ROB.  II, 


Jnvenire  Curvm  fiue  quadrari  pojfunt . 


Sit  ABC  figura  invenienda,  BC  Ordinatim  ap-  Fig.  4, 
plicata  redtangula ,  &  AB  abfeifla.  Producatur 
CB  ad  E  ut  fit  BE=i,  &  compleatur  parallelo- 
grammum  ABED  :  Sc  arearum  ABC,  ABED 
fluxiones  erunt  ut  BC  &  BE.  Affumatur  igitur 
asquatio  quaevis  qua  relatio  arearum  definiatur,  & 
inde  dabitur  relatio  ordinatarum  BC  &BE  per 
Prop.  I.  Q..  E.  I. 


Hujus  rei  exempla  habentur  in 
duabus  fequentibus. 


PROP.  III.  THEOR.  I. 


Si  pro  abfciffa  A  B  &  area  AE  feu  ABxi  pro- 
rniicuefcribaturz,&  fipro  e  4-gz2"  -\- hz3* Sec . 

lcribatur  R :  fit  autem  area  Curvse  zaRA  erit. 
ordinatim  applicata  BC  = 


8e  •+• 


fz“ 


-t-  0 

4-  2AJJ 


gzJ" 


h73» 
+  3  Am  UZ 


-h  See.  in  z 


Demonjiratio. 


Nam  fi  fit  z*R*=’v}  erit  per  Prop,  i,  Szz^’Ra 

’"-|-AZeRRA'!  =  v.  Pro  R*  in  primo  aequationis  ter- 
mino  8c  z9  in  fecundo  feribe  RRVI  Sc  zz®1,  &  fiet 

9zR-\  azR  in  ?J'1  R\,  =  v.  Erat  autem  R=e  f  z» 

-|-gz24-hz3»  &c.  &  inde  per  Prop.  i.  fit  R  =| 

■ifzz"'1 *»gzz2rI  -p  Aizz3"'1  &c.  quibus  fubftitu- 

♦ 

tis  &  feripta  BE  feu  i  pro  z,  fiet 


9e ®  tfzA9^ gz2” jlj^hz 511  -p  &c.  in  z9-1  R^1  =  v  =  BC. 

q!e.'d''" 


PROP 


Si  Curvae  abfciffa  A  B  fit  z,  &,  fi  pro  e-\-  fz»  -j-gz1* 
r_U&c.  fcribatur  R,  &  pro  k-|  &c.  fcri¬ 

batur  S  ;  fit  autem  area  Curvae  z»  S <*  :  erit  or- 
dinatim  applicata  BC  = 


Demonftratur  ad  modum  Propofitionis  fuperioris. 


PROP.  V,  THEOR.  ill. 


t  2, 


Si  Curvae  abfciffa  AB 
'Jrh.zi»  &c.  fcribatur  R:  fit  autem  ordinatim  ap¬ 
plicata  z°'’Rvl  in  a  fib/."  cz2"  fi  d/.iH  fi-  &c.  ik  po- 
natur  9-r.  rfi:*=s.  tfi  a«v.&c.  erit  area 


'a  ,  ,;b-~sfA  ic 

-7.1  | 


z*R*  in  . .  'M  ”-1 


r  e 


'~tgA  ndZjPC^gi 


Hr 


v  H-* 1  ,c 
r**  *«*»v 


-/.•I  •  | 


ED  ifigC-I  hB 


r  Hh  4*  e 


i  *4-  t:  l4»e 

*^4«  *Scc»  Uhi  A,  B*  C,  D,  &c, 

A  a  a 


denotant  totas  coefficientes  datas  terminorum  fingu- 
lorum  inferie  cum  (ignis  fuis-|-&— . ,nempe  A  prim? 

termini  coefficientem  jl?  B  fecundi  coefficientem 


re1) 

*h— sfA  _  .  Jc_s.  fB — tgA 

1 _ C  tertii  coefficientem  _L_ 


r-H,e 


x  -+  2>  e 


o 


Sunto  juxta  Propofitionem  tertiam, 


Curvarimi  Ordinatae 


tSvr  earimdem  arc®. 

Az*  RA  o 
Bzfl-P1  RA. 


-  p  Ryil  Rv2»~!  S-|'Mnr  Rz3H 

_|rA)J  i. Da  tXL‘  f  ZMRvl. 

....  +7+7,l)eCz2":^+2"fCz^  &c.  Cz9'\'2"  RA. 

. . .  •  -TFb»,eDz3"&c.!  Dz0-'-3“  R\ 

Et  ii  fuixima  ordinatarum  ponatur  sequalis  ordi¬ 
nate  a-Wbz»  'pcz2|,-|-  dz3»  ~\~  &c.  in  z9"  RA'S  fumma 
arearum  z9R*  b  A-pBz^z9H-Dz3'-h&c\*Bm- 
lis  crit  areas  Curvae  cujus  ifta  eft  orclinata.  iEquen- 
tur  isitur  Ordinatarum  termini  correlpondentes,  & 
-  aS=fleA,  b=+91(fA:|ieB,  c  =  f& 

q^,eC  See.  &  inde  p  =  A.  - — - — ’  ~  B., 


€  -if|-2A^  gA— ;Fri"/M; 


d'B 


<H  »>e 

fic  deinceps  in  infi¬ 
nitum 


iiitum.  Pone  jam  fi  =  r.  r-|-A.=s».  s a  =  t  &c.  & 
in  area  zflRAx  A-|-  Bz"-j-Cz2"-j--Dz3”  See.  1  tribe  ip- 
forum  A,  B,  C,  Sec.  valores  inventos  &  prodibit 
feries  propofita.  Q..  E.  D. 

Et  notandum  eft  quod  Ordinata  omnis  duobus 
modis  iu  feriem  refolvitur.  Nam  index  11  vel  affir- 
mativus  eft  poteft  vel  negativus.  Proponatur  Ordi¬ 
nata  H*C  Vel  flC  fcrlbi  P0teft 

Z-Np. — lzzxk — ■Izz-j-mzjfi,  V£1  fic  zx  -I^qjkzA 

xm— lz"I-|“kz r~3j  — i.  In  cafu  prime  eft  a  =  3k. b  =  o. 
c— — 1.  e==k.  f=o.  g=  — 1.  h=m.  a— — j.  »=i. 

®— -i=r.  s=— 1 .  t=-i.  v=o.  In. 

pofteriore  eft  a  =  — 1.  b=o.  c— 3k.  e— m.  f=~l. 
g=o;  h=  i .  {.  #=— i.  a— 1=1.  a— a.  r=— -a. 

s=— i;.  t= — 1 .  v=  — Tentandus  eft  cafus  uter- 
que.  Et  ft  ferierum  alterutra  ob  terminos  tandem 
deficientes  abrumpitur  ac  terminatin',  habebitur  area 
Curvse  in  terminis  finitis.  Sic  in  exempli  hujus 
priore  cafu  feribendo  in  ferie  valores  iplorum  a,  b, 
c,  e,f,g,  h,  e,  r,  s,  t,  v,  termini  omnes  poft  pri-. 
mum  evanefeunt  in  infinitum  &  area  Curvae  prodit 

-  a .  Et  hsec  area  ob  lignum  negativum 
adjacet  abfeiflae  ultra  ordinatam  produbtax .  Nam 
area  omnis  affirmativa  adjacet  tain  abfeiflae  quam 
ordinata?,  negativa  vero  cadit  ad  contrarias  par¬ 
tes  _ordinatae&  adjacet  abfeiflae'  produbte,  manente 
lcilicet  ftgno  Ordinatae.  Hoc  rnodo  feries  alter¬ 
utra  &  nonnunquam  utraque  femper  terminatur 
&  finita  evadit  ft  Curva  geometrice  quadrari  po¬ 
teft.  At  ft  Curva  talern  quadraturam  "non  admit- 
tit,  feries  utraq;  continuabitur  in  infinitum,  Sc  eu- 

.  Aaa  3  rum 


[  iso] 

rum  altera  converg'd'  &  arcamdabit  approximando, 
piuterqua  m  ubi  r  (  propter  a  ream  ijilimtam  )  ve! 
nihil  elt  vel  numerus  integer  Sc  negativus,  vel  ubi  '■ 
cequalis  eft  unitati.  Si  *  minor  eft  imitate,  conver- 
get  (erics  in  qua  index  »  affirmativus  eft  :  (in  l  unita 

te  major  eft, eon verget  1  cries  altera.  In  uno  calli 
area  adjacet  ablciflac  ad  ufq;  ordinatain  duthv,  in 
altero  adjacet  abtcilTa'  ultra  ordinatain  prod  tithe, 

Nota  infuper  quod  liOrdinata  contentum  eft  j'ub 
fa 61  ore  rationali  Q  Sc  fat-tore  furdo  irreducibili  K'r, 
Sc  fattens  furdi  latus  R  non  dividit  laftorem  ratio- 
nalem  Q;  erit  v-i=jr  &  Rv‘  —  R*.  Sin  fattoris  fur- 
di  latus  R  dividit  fattorem  rationalem  lemel,  erit 
a—  i  —  7,--|  i  Sc  R^'  -R’r'1  '  :  ii  dividit  bis,  erit 

a— !==»-(  a  Sc  Ra~'  —  Rt  I  - :  liter,  erit  a—  i 
Sc  Ra''  —  R*'13:  Sc  licdeinceps. 

Si  Ordinata  eft  frattio  rationalis  irredueibilis  cum 
Denoininatore  ex  duobus  vel  pluribus  terminiscom- 
poftto  :  rcfolvendus  eft  denominator  in  divi fores 
fuos  omnes  primos.  Kt  ft  divifor  (it  aliquis  cui 
nullus  alius  eft  a’qualis  ,  Curva  quadrari  nequit : 
Sin  duo  vel  plures  lint  divilbres  axpiales,  rejieieu- 
dus  eft  eorum  unus,  Sc  ft  adhuc  alii  duo  vel  plures 
fint  fibi  mutuo  a’quales  Sc  prioribus  ina’quales,  re- 
jidenduselt  etiam  eorum  unus,  Sc  lie  in  a  lib  omni¬ 
bus  aqualibus  (I  ad  hue  plures  lint  :  deinde  divifor 
qui  relinquitur  vel  contentum  tub  diviforibus  omni¬ 
bus  qui  relinquuntur,  (i  plures  Hint,  ponendum  eft 
pro  R,  Sc  cjus  quad  rati  reciprocum  R  -  pro  R''',piu’- 
terqiiamubi  contentum  illud  eft  quadratinn  vel  tu¬ 
bus  vel  quadrate  quadrat uniyxc.  quo  calu  cjus  latus 

ponen- 


[i8i] 

ponendum  eft  pro  R  Sc  poteftatis  index  2  vel  2  vel  4. 
negative  ! mnptus  pro  k.  Sc  Ordinata  ad  denoniina- 
totem  R"  vel  R  vel  R1  vel  R5  See.  reducenda. 

lit  li  ordinata  lit  _25:1  _ .  auQn:am  uvc 

24 — ^2:3 — 4  >  q  LIU  u  id.  Ill  11JIC 

fraitio  irrcduci bills  eit  &  denominatoris  divifores 
funt  pares, _  nempe  z— -  1,  z — 1,  z— 1  &  z-|-2, 
Z'V 3 1  rejicio  magnitudinis  utriufque  diviforem 
imum  &  reliquorum  z— 1,  z — 1  ,  z-|-2  conten- 
turn  v — V*  pono  pro  R  8c  ejus  quadra ti  re- 
ciprocum  "R”=  feu  R— 2  pro  R*-1.  Dein  Ordiua- 
tam  ad  denominatorem  R2  leu  R1-*  reduco,  8c  fit 
z6—  y/;1- 
jd-VzT 


i|  quad. 

Et  inde  ell  a— 8.  b= 
e=2.  fr=~3.  g=o. 

1.  8-1  =  5.  o  =  4  =  r.  s=g 
in  ferie  lcriptis  prodit  area ,  2,4 


-9-  c= 
h  =  1.  \- 

t  = 


1,  &c. 


7  id  eft  Z3  x  8  -  9z-^z3  *  2  -  z 

o.  d= 

I  =  — 2.  A=_i3 

2.  v=  1.  Et  his 
teraiinis  one 


7.3— 3Z+2’’ 

nibus  in  tola  ferie  poll  primura  evanefcentibus. 

Si  deniq;  Ordinata  eft  fraaio  irreducibilis  &  ejus 
denominator  contentum  eft  fub  faftore  rationali  Q. 
Sc  fadlore  furdo  irreducibili  R*,  inveniendi  funt  la¬ 
ter  is  R  divifores  omnes  primi,.  8c  rejiciendus  eft  di- 
vifor  unus  magnitudinis  cujufqj  Sc  per  divifores 
qui  reliant ,  fiqui  lint ,  multiplieandus  ell  feaor 
rationalis  Q  :  &  fi  fa&um  asquale  eft  lateri  R  vel 
lateris  illius  poteftati  alicui  cujus  index  eft  numeius 
integer,  ello  index  ille  m,  &  erit  x  3  —  — 7r—in,  Sc 

R-  =  R-b  Ut  fiOrdinatafitgl^^- 

quonianx. 


[  I  82] 

quoniumfactoris  furdi  latusR  feu  cj  3  -j- qqx-qxx-x q 
divifores  habeCq-|-x,  qfi-x,  q — x  qui  duarum  limr 
magnitudinum,  rejicio  diviforem  unuin  magnitudi- 
nis  utriufq;  Sc  per  diviforem  q  x  qui  relinquitur 
multiplico  fafiorem  nitionalem  qq — xx.  Et  quo- 
niam  tactum  q^-fqqx — qxx — -x]  aequale  eft  la- 
teri  R,pouo  m=i .  &  inde,  cum  fit  fit  *--i  =  —*. 
Ordinatam  igitur  reduco  ad  denominatorem  R:i 

&  iit  Z°  x  3q<4-  aq^x-i  8q4xx  l-8q!x? — 7qqx4-6qx5' 
X  qs-|- qqx — qxx — x;|~f  Linde  eft  a  =  qq6.  b  =  aq5  &c. 
e  =  q3.  f=qq$cc.  0 — -1=0.  a  =  1  = "-  K--—~ r=  r. 
s  —  H.  t  =  ‘-  v  —  o.  Et  his  in  ferie  lcriptis  prodit 

3q<lX  |-3X5  ,  ,  ... 

area  - - - — ■  ",  termims omnibus  in iene  tota 

v‘cub.  aq-j-a.tx — a  xx — X’ 1 

poll  tertium  evanefcentibus. 


Si  Curvse  abfcifla  AB  fit  z,  Sc  fcribantur  R  pro 
e-J-fz*  -j-gz2"  ~\^hz3*-{-  &c.  Sc  S  pro  k  -|“lz"  fmz2» 
-\-nz3i!  Sec.  fit  autem  ordinatim  applicata  z^VR'-1  Sc-'1 
in  a4-  bz»  ~^cz2H  4'dz2"  &c.  &  fi  terminorum,  e,  f, 
g,  h.  See.  Sc  k,  3,  m,  n.  See.  re&angula  lint. 

ek  fk  g k  hk  &c. 

el  fl  gl  hi  See. 

em  fin  gm  h  m  See. 

en  fn  gn  hn  Sec, 


Et  ii  rethinguloruin  illorum  coefficientes  nume- 
rales  lint  rdpedtive 


dr  r- 

r  ■■[<*--- 

~  s. 

S  -  |-A  ~ 

t. 

t-|-x  = 

■V. 

r-|,- 

s'|  "**  ■' 

t. 

S 

■V. 

4 

-  W- 

!i  -}  n 

u 

n 

/t 

* 

a 

t. 

t  -\  lt ' 

V. 

=  w. 

=  X, 

iH 

V-|  n- 

tn 

Hi 

Hi 

t-( -/*-■ 

V, 

=■  ty\ 

—  X. 

x4-#*= 

ry- 

area  Curvae  exit  ha’c 


in 


>  iibZ^A 

• — - — yi)  J- 

»f|t  I  FTTjCk  1 


_  — tgk 

Tr  — s  +1,  fk  -n  — c'  f  l  A 

ilC 


f-\  2,  c  k 


_ _  -v  hk  A 


L  i  rkp  — 1'-|  i,fl  o  _v»fm 

'2»t;l  ^L'H'ijcm  — v'"ea 

- - — - — See. 

H  h  e  k 

Ubi  A  denotat  termini  primi  coefficientem  datam- 
st  cum  fia.no  fao  -Evel — ,  B  coefficientem  datam- 

fecund  i,  C  coefficientem  datam  tertii,  &  fic  deinceps. 
Tenninorum  vero,  a,  b,  c,  &c.  k,  1,  m,  &c.  units 
vel  plures  deeffepoffunt.  Demonftratur  Propofitio 
ad  moduni  praecedentis',  &  quae  ibi  notantur  hie  ob- 
tinent.  Pergit  autem  fades  taiium  Propofitionum  in 
infinitum,  St  Progreffio  feriei  manifefta  eft. 


P  R  OP.  VII.  THE  OR.  V. 

Si  pro  e  i  ■  gz2"-|-  See.  ficribatur  R  ut  fu png  Sc 

in  Curv*  alieujus  Ordinate  zo'iv  Rvir  inancanf 
quantitates  data’  0, »,  e,  t,  g,  See.  &  pro  a-  ae  r  fieri- 
bantur  fiuccefiive  numeri  quicunq;  integri  :  Sc  it 
detur  area  imius  ex.  Curvis  qua*  per  Ordinatas  in- 
iiumcras  fie  prodcuntes  deligtvantur  li  Ordinal*  iunt 
duorum  nominum  in  vinculo  radicis,  vel  li  dentur 
area*  duarum  ex  Curvis  fi  Ordinal*  iunt  triuni  no¬ 
minum  in  vinculo  radices,  vel  are*  trium  ex  Curvis 
fi  Ordinal*  funt  quatuor  nominum  in  vinculo  radi¬ 
cis,  Sc  fie  deinceps  in  infinitum:  dieo  quod  dabun- 
!ur  are*  eurvarum  omnium.  Pro  nomiuibus  hie 
iiabeo  terminos  omnes  in  vinculo  radicis  tain  de- 
iicicntes  quam  plenos  quorum  indices  dignitatem 
Hint  in  progrellione  arithmetics.  Sic  ordinata 
Va4 — ax’*  4~  x4  ob  terminos  duos  inter  a4  Sc  — ax* 
deficicntes  pro  quinquinomio  haberi  debet.  At 

binomium  ell  Sc  Va4-j  x4- — ~  trinonium, 

cumprogreffio  jam  per  majores  differentia*  piece- 
dat.  Propolil'io  vero  lie  demon  lira  tur. 

C  J  S.  I. 


Sunto  Curvarum  duarum  Ordinal*  p/,e'!  RA-'  Sc 
q/.°  I  R/"',  Sc  are*  p A  Sc  qB,  exiffente  R  quanti¬ 
tate  trium  nominum  c-|  iz"-|  g/X  Et  cum  per 


[i8$] 

Prop.  HI.  fit  z5R*  area  curvae  cujus  Orclinata  eft 
•e^-'fLg55*"  >n /•“R^yubdue  Ordinatas  &  areas 
priores  cle  area  &  Orclinata  pofteriori,  Sc  manebit 
fle,  ijt/ y-"  :J  t.»  g7'2"1'11  7‘K'1  R'-'  Orclinata  nova  Curvae, Sc 
”*  —qz" 

z5R^ — pA — qB  cjufdcm  area.  Pone  oe~p  Sc 
='q  &  Orclinata  evaclet  |  gz2"  in  z5'1  ID1,  Sc 
area  z0R* — eeA—ofB — oif  B.  Divide  utrumq;  per 
gg-j-.'ABg,  Sc  aream  prodeuntem  die  C,  Sc  affumpta 
utcunq;  r,  erit  rC  area  Curvac  cujus  Orclinata  eft 
rz,‘,"a*'lRv**  Kt  qua  rutione  ex  areis  pA  Sc  qB 
aream  rC  Ordinate  vz.°  l2*-'  R*-‘  congruentem  inve- 
ttimus,  licebit  ex  areis  qB  Sc  rC  aream  quartam 
puta  sD,  ordinatac  sz®  i  3rlRA‘<  congruentem  invenire, 
Sc  fic  detneeps  in  infinitum.  Pit  par  eft  ratio  pro- 
greffionis  ab  areis  B  Sc  A  in  partem  contrariam 
pergentis.  Si  terminorum  o,s-j aliquis  de¬ 
ficit  Sc  feriem  abrumpit,  aflumatur  area  pA  in.  prin- 
cipio  progreffionis  unius  Sc  area  qB  in  prineipio  al¬ 
tering,  Sc  ex  his  dttabus  areis  dabuntur  area’  omnes 
in  progreffione  utruejue.  Kt  contra,  ex  aliis  duabus 
areis  aflumptis  fit  regreflus  per  analyfin  ad  areas  A 
8c  B,  atleo  ut  ex  duabus  datis  ca-lene  omnes  den- 
tur.  Q.  E.  O.  Hie  eft  talus  Curvarum  ubi  ipitus  % 
index iattgetur  vel  climinuitur perpetua  add  it  i one  vel 
iubdu&ione  quantitatis  •*.  Caliis  alter  eft  Cur  va¬ 
rum  ubi  index  Mi ugetur  vel  climinuitur  unitatibus. 


CAS* 


C  A  S.  II 


Ordinats  pz8_IRA  &  qz8+lHRA,  quibus  area  pA 
&  qB  jam  refpondeant,  ft  in  R.leu  e-^fz^-j-gz2"  du- 
cantur  ac  deinde  ad  R  viciffim  applicentur,  eva- 
dunt  pe  ~\-  pfz”  pgz2"  x  z^'R*'1  &  qez”  ~\-  qfz2» 
-j-qgz3”  x  z°'IRA'1.  Et  per  Prop.  III.  eft  az8R* 
area  Curvse  cujus  Ordinata  eft  eae  ^  afz’vjj^  agz-11 
in  z0”IRA*1,  &  bz9+"RA  area  Curvse  cujus  ordinata 


eft  +9bez*  ljl0bfz2tl  itjbgz311  in  z0'lRA'ft  Et  harum  qua- 

i“2A» 

tuor  arearum  fumma  eft  pA^-qB-J-  az&R*-|~ bz^ »R* 
&  fumma  refpondentium  ordinatarum 


+8  afz» 

TAM 

-H  aaz2w 

~|-2AH  O 

flbe 

+*  bf 

+  pf 

-!-pg 

ft  qe 

ftqf 

;e  bgz3*  in  z^R*-*. 

H  w 
-2AJJ 


+qg 


Si  terminus  primus  tertius  &  quartus  ponantur  fe- 
orfim  sequales  nihilo,  per  primum  fiet  °ae-j— pe  =  o 
feu-ia=p,  per  quar turn —8b—»b—2wib  =  q,  &  per 

tertium  (elitninando  p  &  q)  ~f’= b.  Unde  fecundus 
fit  adeoq;  fumma  quatuor  Ordinatarum  eft 

z5+'HRx'1,&  fumma  totidem  refpondentium 
arearum  eft  az0RA;-j-H|Sz8-bR^eaA— 1 

Divi- 


Dividantur  hs  fumms  per  - — &  fi  Quotum 
pofterius  dicatur  D,  erit  D  area  curvs  cujus  ordi- 
nata  eft  Quotum  prius  z9+"-IRA-,;  Et  eadem  ratione 
ponendo  omnes  Ordinats  terminos  praeter  primum 
jequales  nihilo  poteft  area  Curvae  inveniri  cujus  Or- 
tlinata  eft  zs'JRVI.  Dicatur  area  ifta  C,  Sc  qua  ra¬ 
tione  ex  areis  A  &  B  invents  funt  ares  C  ac  D,  ex 
his  areis  C  ac  D  inveniri  poffunt  alis  dus  E  Sc  F 
ordinatis  z9_IRv2  8c  z^'R*'2  congruentes,  Sc  lie  de- 
inceps  in  infinitum.  Et  per  analyfin  contrariam 
regredi  licet  ab  areis  E  Sc  F  ad  areas  C  ac  D,  Sc 
inde  ad  areas  A  ScB,  aliafq;  qus  in  progreffione  fe- 
quuntur.  Igitur  fi  index  x  perpetua  unitatum  ad- 
ditione  vel  lubdudHone  augeatu'r  vel  minuatur,  8c. 
ex  areis  qus  Ordinatis  fic  prodeuntibus  refpondent 
dus  fiinpliciflims  habentur  ;  dantur  alis  omnes  in 
infinitum.  Q.  E.  O. 

C  A  Si  HI. 

Et  per  cafus  hofee  duos  conjunctos,  fi  tarn  in¬ 
dex  0  perpetua  additione  vel  fubduSfione  ipfius  », 
quam  index  \  perpetua  additione  vel  fubdufitione 
unitatis,  utcunq;  augeatur  vel  minuatur,  dabuntur 
ares  fingulis  prodeuntibus  Ordinatis  relpondentes. 

Q.  E.  O. 


C  *88] 


C  A  S.  IV. 

Et  fimili  augmento  fi  ordimtu  conftat  ex  cjvra- 
tuor  nominibus  in  vinculo  rudicali  &  dantur  trcs 
arcarum,  vcl  fi  con  fiat  cx  quinq;  nominibus  Sc 
dantur  quatuor  arcarum,  Sc  lie  dcinccps  :  dabun- 
tur  area*  omnes  qua-  addendo  vcl  lubduccndo  numc- 
rum  -i  indici  <* vcl  unitatem  indici  >.  generari  poflimt. 
Et  par  cit  ratio  Curvarum  ubi  ordinatat  cx  binomiis 
conHantnr,  &  area  una  carum  qua*  non  funtgeome- 
t rice  quadrabil.es  datur,  Q.  K.  O. 

PROP.  VIII.  Til  EOR.  VI. 

Si  pro  ~\-  gz*" &  k  -\- 
icribantur  R  &  S  lit  lupnqSc  in  Gurva?  alicujus  Or- 
dinata  y.6 ' 'w  R*d 'T  S*-*")  "  mancant  quantitates  data*  n, 
»,  *,  e,  f,  g,  k,  1,  ra,  See.  Sc.  pro  <r,  T,  Sc  l'cri- 
bantur  lucccffivc  numeri  quicunq;  integri  :  &  (1 
dentur  area*  duarum  cx  curvis  qua*  per  ordinatas 
lie  prodeuntes  defignantur  li  quantitates  RSc  S  l'unt 
binomia,  vel  fi  dentur  area  trium  ex  curvis  li  R 
Sc  S  conjundkim  ex  quinq;  nominibus  conftant,  vel 
area  quatuor  ex  curvis  0  R  Sc  S  conjundtim  ex  lex 
nominibus  conftant,  Sc  fie  deinceps  in  infinitum  : 
dico  quod  dabuntur  area  curvarum  omnium. 

Demonftratur  ad  mod  urn  Propofitionis  fuperioris. 


P 11 0  P. 


D89] 

PROP.  IX.  THE  OR.  VII. 

iEquantur  Curvarum  area;  inter  fe  quarum  Or¬ 
dinate  lunt  reciproce  ut  fluxiones  Abfcifiarum. 

Nam  contenta  fub  Ordinatis  Sc  fluxionibus  Ab- 
fciffarum  erunt  equalia,  8c  fluxiones  a  rearum  Cunt 
ut  hec  contenta. 


COROL.  I. 

Si  affumatur  relatio  quevis  inter  Abfciffas  dua- 
rum  Curvarum,  Sc  inde  per  Prop.  i.  queratur 
relatio  fluxionum  Abfciflaruib,  Sc  ponantur  Orcli- 
nata:  reciproce  proportionales  fluxionibus,  inveniri 
poffunt  innumere  Curve  quarum  aree  fibi  mutua 
equales  erunt. 

CQROL .  II. 

Sic  enim  Curva  omnis  cujus  hec  eft  Oidinate 
zu  in  e  q-  fzH  gz2"  -\-  Scc.j*  affumendo  quantitatem 
quamvis  pro  >  Sc  ponendo  J-=s  Sc  zs  =  x,  migrat  in 
aliam  fibi  equalem  cujus  ordinata  eft  j-k’-ts  m 

e  f  x"  gx2'  -\~i8tc.  JA* 


CV~ 


[  1 9°  ] 

COR.OL.  III. 

Et  Curva  omnis  cujus  Ordinata  eft  z8'1  in 
a  bzB  -p  cz2“  -j-  Sec.  x  e-|-fz«-|-gz2"  &c.J%aflumen- 
do  quantitatem  quamvis  pro  v  Sc  ponendo  jt=s  & 
z,’  =  x,  migrat  in  aliam  bbi  cequalem  cujus  ordinata 
eb  in  a  -p  bx'-P  cx2|,-p  & c.  xe-p  fx^-gx2'  -p  &cp- 

CO  ROL.  IV. 

Et  Curva  omnis  cujus  Ordinata  eft  z8'1  in 
aq-Cbz"  -p  cz2"  -p  See.  x  e  -p  fz» -p gz2”  -p  See. jA 
xk  -i-  lz""-p  mz2"  -p  &c.|'q  aflumendo  quantitatem 
quamvis  pro  »  &  ponendo  i  =  s  &  zs=x,  migrat  in 
aliam  fibiaequalem  cujus  ordinata  eft  in  a-pbx» 
,-Y,cx"-p&c .  xe  -P  fx"  -pgx2^-  &c.(xxkSpixvJ-nix2l'-p 

CO  ROL.  V. 

Et  Curva  omnis  cujus  Ordinata  eft  zu  in 
e’Sj-.fz?' -p  gz2"  -p  Scc.j''  ponendo  i=x  migrat  in 

aliam  ftbi  aqualem  cujus  ordinata  eft  x  eT^ 
-Pgx^-f  id  eft  xTTO^xf+exf  fiduo  funt 
nomina  in  vinculo  radicis  vel  x6pq-- x  g-pfx"-p  ex2"j 
ft  tria  funt  nomina  ;  fic  deinceps. 


COROL.  VI. 


Et  Curva  omnis  cujus  Ordinata  eft  z8'1  in 
eTpfap-  gz2"  p  &c.|A  x  k  ~ lz" -f-  mz2,p &cj“ 
ponendo  £  =  x  migrat  in  aliam  iibi  aequalem  cu¬ 
jus  ordinata  eft  x  e  p  f x‘”  -}-  g x'2"  -j-  ^cc.jA 

xk-f-Ix-*  &C.| y  ld  eft  x  f'kext 

xlpkxf  ft  bina  funt  n0mina  in  vinculis  radicuin, 

vel  x9^'? x  g  -j-  fx"  -ft  ex2»JA  x  1-j-kxf  ft  tria 

funt  nomina  in  vinculo  radicis  prioris  ac  duo  in 
vinculo  pofterioris :  &  lie  in  aliis.  Et  nota  quod 
ares  duae  sequales  in  noviffimis  hifee  duobus  Co- 
rollariis  jacent  ad  contrarias  partes  ordinatarum. 
Si  area  in  alterutra  curva  adjacet  abfeiffo,  area 
huic  cequalis  in  altera  curva  adjacet  abfeiftse  pro¬ 
ducts. 


COROL.  VII. 


Si  relatio  inter  Curvs  alicujus  Ordinatam  y  & 
Abfciffam  z  definiatur  per  squationem  quamvis 

feftam  hujus  forms, y“  in  e  -j-  fy»ziA-|-  hy3"^ 

See.  =  7?  in  k  p  ly"z^  p  my2»zaJ1  p  & c.  hsc 
figura  affumendo  s = ^  x  -  ps  Sc  x= migrat 

in  aliam  ftbi  squalem  cujus  Abfeifla  x,  ex  data 

Ordinata 


[  192  ] 

Ordinal';)  v ,  determinatin'  per  aquationcm  non 
afeftam  ’-v**  x  c~ fv ”i  gv2" “iTv^"  -J-  x  k -|  lv« 

-|  171V  **  -|"  x. 

COROL.  VIII. 

Si  relatio  inter  Curva  a  lieu  jus  Ordinatani  y  & 
Ablciilam  z  deiinitur  per  aquationem  quamvis 

atledtam  hujus  forma’,  y*  in  eq  tyv/dgy2"/.2'0  -|-&c. 
'/fi  in  k  -j  -  ly«//-j  my'i”/.2j'  (-  tkc.  -\  -z>  in  p-j  qy'V/ 

“I  "  ry2'lz2j'~|  tkc.  lia’c  iigura  affiunendo  s—  'z’1, 

ik  ''-"dij:",  migrat  in  aliam  fibi  aqua  lent 
cujus  Ablcifla  x  ex  data  Ordinata  v  determiuatur 
per  aquationem  minus  affedam  v*  in  e-|  lv»-j  gv2* 
-j-  &c.  =  s**xi*  in  k  -\  •  Iv"  -\-  mvM  See.  r\~*'x.r  in 
p-j  qv»  -[■  rvs”  ~\  ■  &c. 


COROL.  IX. 


Curva  omnis 

cujus  Ordinata 

eft  7T-/' 

in 

Vl  v  f  y»  i  v  pyu»  -  U 

&c.  x  e  -\  ■  i'/."  -j- 

g*J” Set. 

h  x 

(a  -j-  b  jcxA  IV/  > « 

T  j  Mf, 

fil  fit  9 

& 

affumantur  x-ey/ 

-\-  l/.-'"  -j-g yrOL 

pto-l-  ■> 

<f  *<• 

w 

ex  ■»  —  irr,  migrat  in  aliam  fibi  aqualem  aijus  ordi- 


nata  eft  \y  xa-|  bxff|".  Jit  nota  quod  ordinata  prior 

in 


["931 

in  hoc  Corollario  evadit  fimplicior  ponendo 
vel  ponendo  T=  *  Sc  efficiendo  ut  radix  dignitatis 
extrahi  poffit  cujus  index  eft  vel  etiam  ponendo 
«=  —  i  &  K  ~  i  =  t  =  *  =ir ,  ut  alios  cafus  praete- 
ream. 

COR.OL.  X. 

Pro  ez"  fz4-»  -|-'gz|,+2H  See.  •,ez,,_I 
gZH-a»-t  Sec.  k  -j-  la,  -{-  mz2"  8cc.  Sc  dz*'1 

aomz2'H-|  -  See.  feribautur  R,  r,  S  &  s  refpe&ive,  & 
Curva  omnis  cujus  ordinata  eft  ?rSr  -j-r  ?  Rs  in  R*-1  S**"1 
xlS"  4- bKT| ,  ft  fit  =  v-  =  £  ,  z  =  a  *■—*.  =  a- 

Sc  R*S?  =  x,  rnigrat  in  aliam  fibi  aequalem  cujus  or¬ 
dinata  eft  x5,  x  a^ftbx5!".  Et  nota  quod  Ordinata 
prior  evadit  fimplicior,  ponendo  imitates  pro  t,  t», 
&  *  vel  /q  &  faciendo  ut  radix  dignitatis  extrahi 
poffit  cujus  index  eft  ",  vel  ponendo  «  =  ~i  vel 

K-O. 

PROP.  X.  PROB.  III. 

Invenire  figuras  fimpliciffimas  cum  quibus  Curva 
quoevis  geometrice  compari  poteft,  cujus  ordinatim 
applicata  y  per  aequationem  non  affedfcam  ex  data  ab- 
feiffia  z  determinatur. 


CAS. 


Ccc 


C  A  S.  I. 


Sit  Ordinata  az8-‘,  &  area  erit  ^az8,  ut  ex  Prop.V, 
ponendo b  =  o=c=d  =  f=g=h  &e=i,  facile  col- 
ligitur. 


CAS.  II, 


Sit  Ordinata  az8'1  x  e-j-,fz»  -|-  gz2"|A''1  &c.  &  li 

curva  cum  figuris  reftilineis  geometrice  comparari 
poteft,  quadrabitur  per  Prop.  V.  ponendo  b  =  o=c 
=  d,  Sin  minus  convertetur  in  aliarn  curvam  fibi 

aequalem  cujus  Ordinata  eft  ^,x~  x  e-|-fx-|-gx1&c.|VI 
per  Corol.  3.  Prop.  IX.  Deinde  ft  de  dignitatum 
indicibus  &  *_i  per  Prop.  VII.  rejiciantur  uni- 
tates  donee  clignitates  illae  fiant  quam  minima:,  de- 
venietur  ad  figuras  fimpliciffimas  qua:  hac  ratione 
colligi  poffunt.  Dein  harum  unaquaeq;  per  Corol. 5.. 
Prop.  IX.  dat  aliam  quae  nonnunquam  fimplicior 
eft.  Et  ex  his  per  Prop.  III.  &  Corol.  9  &  10, 
Prop.  IX.  inter  le  collatis,  figursc  adhuc  fimpliciores 
quandoqj  prodeunt.  Deniq;  ex  figuris  fimplicif- 
fimis  aflumptis  fa£to  regreflu  computabitur  area 


CAS. 


C  A  S.  III. 


Sit  Ordinata  z0'1  x  a  b z"  -\-  cz2”  Sec. 

x  e  fz”  gz2"  -\-  &c.|VI ,  &  hsec  figura  fi  quadrari 
poteft,  quadrabitur  per  Prop.  V.  Sin  minus,  di- 

ftinguenda  eft  ordinata  in  partes  z0'1  x  a  x  e  f z” 
•d-gz2"-\-  Scc.^-1,  A1  x  bz"  x  e-|-  fz»  -j-gz2"d-&c.JVI, 
See.  &  per  Caf.  a.  inveniendas  funt  figure  fimpli- 
ciffimse  cum  quibus  figure  partibus  illis  refpon- 
dentes  comparari  poffunt.  Nam  areas  figurarum 
partibus  illis  refpondentium  lub  fignis  fuis  -p  & — • 
conjunct  as  component  aream  totaro  qusefitam. 

CAS.  IV. 

Sit  Ordinata  z0-»  x  a  b  z«  -p  cz2“  +  £c.  x 
e-4-  fz"  •q-gz2»  -|-  Scc.p'1  x  k-p  lz"  ■q-mz2»-l-Scc.|^1: 
&  fi  Curva  quadrari  poreft, quadrabitur  per  Prop.  VI. 
Sin  minus,  convertetur  in  fimpliciorem  per  Corol.p.- 
Prop.  IX.  aedeinde  comparabitur  cum  figuris  fun- 
pliciffimis  per  Prop.  VIII.  &  Corol.  6,  9  &  io. 
Prop.  IX.  ut  fit  in  Cafu  2  Se  3. 

C  A  S.  V. 

Si  Ordinata  ex  variis  partibus  conftat ,  partes 
finguk  pro  ordinatis  curvarum  totidem  habenck. 
fijnt,&  curvte  ilk  quotquot  quadrari  poflun^fignla** 

Ccc  2  tun 


tim  quadrand®  funt,  earumq;  ordinata  de  ordinata 
tota  demend®.  Dein  Curva  quam  ordinata  pars 
reiidua  defignat  leorftm  (  lit  in  Cain  a,  3  &  4.,) 
cum  tiguris  timpliciftimis  companmda  elt  cum  qui- 
bus  comparari  poteft.  lit  fumma  arearum  omnium 
pro  area  Curv®  propofita  habenda  eft. 

C  0  R  0  L.  I . 

Hinc  etiam  Curva  .omnis  cujus  Ordinata  eft  ra¬ 
dix  quail ratiea  affedta  aquationis  fu®,  cum  tiguris 
timpliciftimis  lieu  redVilineis  leu  curvilineis  com- 
pari  poteft.  Nam  radix  ilia  ex  iluabus  partibus 
i'emper  conftat  cju®  ieortim  f'pedtata  non  lunt  aqua- 
num  radices  aftedta.  Proponatur  ®quatio  aayy 
-\-  zzyy-^a’y  ~\~  '7?y-z* ,  &  extradta  radix  erit 
a’  ~\-  zrV  cujus  pars  rationalis 

y  “  w-pra  .  .  _ 

a  2  -\'/2  .  .  , .  avid  -j-  oaz*  —  /. 1  r 

aa-l-Tz  &  pars  irrationalis  »»-»••«  ~  iunt 

ordinat®  curvarum  qu®  per  lvanc  Propolitioncm 
vel  quadrari  poftunt  vel  cum  tiguris  iimpliciffimis 
comparari  cum  quibus  collationem  geometricam  ad- 
mittunt. 

'COROL,  II. 

Et  curva  omnis  cujus  Ordinata  per  aquationem 
quamvis  aftedtam  deftnitur  qu®  per  Corol.  7.  Prop. 
IX.  inaquationem  non  aftedtam  migrat,  vel  qua¬ 
dra  tur 
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dratur  per  hanc  Propofitionem  fi  quadrari  poteft  vel 
comparatur  cum  figuris  fimpliciffimis  cum  quibus 
compari  poteft.  Ethac  ratione  Curva  omnis  quadra- 
tur  cujus  cequatio  eft  trium  terminorum.  Nam  arqua- 
tio  ilia  ft  affeda  fit  tnmfmutatur  in  non  afFedam  per 
Corol.7-  Prop.IX.  ac  deindeper  Corol.  a  &  5.  Prop. 
IX-  in  fimplicffimain  migrando,  dat  vel  quadratic 
ram  figurae  fi  quadrari  poteft,  vel  curvam  fimplicif- 
fimam  qua  cum  comparatur. 


COROL.  III. 

Et  Curva  omnis  cujus  Ordinata  per  cequationem 
quamvis  afFedam  definitur  quae  per  Corol.  8.  Prop. 
IX.  in  cequationem  quadraticam  affedam  migrat; 
vel  quadratur  per  hanc  Propofitionem  &  hujus  Co- 
rol.  i .  fi  quadrari  poteft,  vel  comparatur  cum  figu¬ 
ris  fimpliciffimis  cum  quibus  collationem  geometric 
cam  admittit. 

SCHOLIUM. 

Ubi  quadrandae  font  figures  3  _  ad  Regulas  hafee 
generates  temper  reeurrere  nimis  moleftum  eflet : 
prseftat  Figuras  qua  fimpliciores  font  &  magis  ufui 
efle  pofiunt  femel  quadrare  &  quadratures  in  Ta- 
bulam  referre,  deinde  Tabulam  confulere  quoties 
ejufinodi  Curvam  aliquam  quadrare  oportet.  Hu¬ 
jus  autem  generis  font  Tabulae  duae  iequentes,  in 
quibus  z  denotat  Abfciflam,  y  Ordinatam  redan- 

gulam 


gulam  &  t  Arearn  Curvse  quadrands,  &  _d,  e,  f,  g, 
g.  h, » lunt  quantitates  data:  cum  fignis fuis-\-  . 


Cur  varum  Jimpliciorum  qua  quadrari  pojfunt. 


Curvarum  forms.  Curvarum  ares. 


Forma  prima. 

dz«-l  =  y. 
Forma  fecunda. 
dz*1 

CC-|-2Cfz,rpffz2  ^  Y  * 

Forma  tertia. 


:ZH  =  t. 


dz„ 


•d 


nee-Fijefzi  —  ^5 


■t. 


1 .  dz.,"  v/eq  fzi=y.  fjf  R5  =  t,  exiftente  R=Ve-|-fzw 
3.  dzj  V?+5=y.  dR>  =t. 

3. dz?rVeTS=y. 

4. dz«vr+fe>=y.  =  t. 


Forma  quarta. 

dz^1 


1. 


Ve+fz« 

dz2”’1 

^ePpfzii' 


-  y- 


«f  R = t, 
=^r!dR=t. 


dz3"5 


0 


3* 

4- 


dz3l|yl 

^/e-|'fzn 

dz4”'1 


y- 
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ifiee— 8efztf-|-6ffz2« 


R- t. 


•9  6  e3  -|~4  8  eefz# — 9  6e  f  fz  2  *  3  0  13  2  r »? 
io<«f4 


d  11 


(. 


TABULA 

Curvctrum  JiMpliciormn  qua  cum  Ellip/i  <U 
Hyperbola  compari  pojfunt. 

Sit  jam  aGD  vel  PGD  vel  GOS  Sedio 
Coni'ca  cujus  area  ad  Quadraturam  Curvx  pro-  Fig.  5Ah'~ 
pofitae  requiritur,  fitqj  ejus  centrum  A,  Axis  Ka, 

Vertex  a,  Semiaxis  conjugatus  A  P,  datum  Abfciflse 
principium  A  vel  a  vela,  AbfciiTa  AB  vel  aB  vel 
aB=x,  Ordinata  re&angula  BD=v,  &  Area 
ABDP  vel  aBDG  vel«BDG  =  s,  exiftente  «G  Or¬ 
dinata  ad  pun&um  «.  Jungantur  KD,  AD,  aD.  Du- 
catur  Tangens DT  occurrens  Abfciffe  AB  in  T, 

&  compleatur  parallelogram  mum  ABDO.  Et 
iiquando  ad  quadraturam  Curvse  propofitse  requi- 
runtur  areae  duarum  Sedionem  Conicarum,  dica- 
tur  pofterioris  AbfciiTa  ?,  Ordinata  A,  &  Area  <r. 

Sit  autem  L  differentia  duarum  quantitatum  ubi  in- 
certum  eft  utrum  pofterior  de  priori  an  prior  de  po¬ 
steriori  fubduci  debeat. 


Curva- 


Curvarum  Forma:.  Seftionis  Conics.  Curvarum  Ares. 

Forma  prima.  Abfciffa.  Ordinata. 


Fr.6,7- 


dz1"1  _ 

'y* 

dz2*-1 

«  — r — =  y. 

'•  e-j-tz» 

dz3rI  _ 

3-  e--fz"  ”  - ' 

Forma  fecunda. 
dzi**1 


Z"  =  X.  -s=t  =  — 

e-j-rx  n  n 


Z“  =  x.  _i_  =  v.  4  zB— 4s  =  t. 


n~ 


Z*  =  X. 


de  i  ee 


■??5=v. 


e-r  fz* 


=  y*  v=4-=- 


V4-rxx=v. 


dzk1 

^  . — —  =  y.  *, 
'•  e-ptz»  ' 


.  y-^=x.  yi._  txx  =  v 

'  e-ftz*  ¥  *■  » 


\M-  txx  = 

r  i 


dz^2  .  ,  '  t  sde  £^ee  H  !  2cexv— 4ees 

,  - r— =  v-  v/d  e-xx-v.  Zr—  - 7ft* — 


»72ft _ —.7^  - 

t*  — 

ft-i 

2XV~  4s _ , 

n 

i-zi 

*  K 

I  2 

2de 

Z-- 

3«f 

t  =  -i  ADGa. 


1  4— 7±I  =r. 


Forma 
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Ddd 


Forma  tertia*  * 

Fig.6s,$-  I . \ Vs*15  =  y. i =xx.  =  v.^in^-s  =  t=^in  a-GDT , vel in  APDB4- TDB. 


fig.  6. 


at  2es 
Sdee 


8dee 


Vel  fie,  2  =s.  v.SJ  in  s-ixv-|+^=t _  * 

,/ra = v.'4ds  =  t = rAPDB,  feu  ^aGDB, 


£  in  aGDA-1 


ffv 


i  Aees0 


Z-f-, 


BrB»  — V  I-vV  y?T 

z,  XX’  V  '' 


J=x.  V?^=v-f  ins— Jxv— £  =  t=f  xaGDK. 

a  *  / e-j-tz*  —  -rj  _i  —  x  .  /tx-+eix — v.  ~s  —  t  =  -  x — aGDB  vel  BDPK. 
3.3; v  "}'*»  x- v  »  " 

Z-J-T 


,  VE-i-&"  =  y.i.=x.  V'*+EE*  =  v.  t!L^L*  =  t. 


*-J5v  '  ^y'» 

t1 

Forma  quarts. 

d  xx.  y£FeK  =  v.  ^in^xv^s— t  =  ^  in  PAD  vel  in  aGDA* 

fT“^  Sde 

^S^en-.V^mS - ^XV - 


T. 


TtSj  e-j-fzfj 

Vel  fic,  ~= x.  v'V'-rcTTL  =  v.xX  in  & — jXV — ^=t=7r En  aGDA. 


:y.  |=xx.V^=v.  £  in  s— xv=t=H  in  POD, vel  in  AODGa, 
= v.  44 in  kv  4-  s=t==$  in  aDGa. 


1  |=x,  V?+«*=.y-  ? 


X-j-7  e+fi» 


:=y-~  =X.  VfeT^=v-Bin  3s4,  3xv  =  t=  5  in  ^aBGa-F  AaDB 


d  i  /_ _  !odfxv—i<dfs— 2dexxv  . 

4  3  /—=y-  5=x.  Vh=FS=v. - -55 - =t. 


+* v  e+fz« 
Forma  quinta. 


dzH-i  __  *  /  4  —  V  A  /d  1  _tt‘~^cS  vv-  =r  v 

1  *  e-l-fzrri^  '  y  ’  Veq-fz»fgz2H  VgT  4gg 


XV— "s  — _ 


'd  i  ft— 4cg 

Vel  fir  \/ —  v  J  1.L  £=^cs  vv  —  y  !rixv 

vei  JIL,  V  e^feir|_gz2j|  -X.  Ye"  I  4ce  XX  V‘  » 

xx  =  v.?d^^ 


t. 

=  t. 


__  dz2^i  __  v 
e-ffe^-gz2«  J 


\  izn-\  gZ2 >t 
fzrl-gz2»  =:g- 


=x-  V~H 


d  7  ff~4g§ 
4&S 


2»S 


=  t. 


e'|-S 


Forma  fexta,  ubi  fcribitur  p  pro  V  ft'-  4eg. 


I  _  y  ^  Vf=?|-ipi  -  x-  Vd  d 


e-j-fz>r[-gz2}j 


_2dg 

=  *•  Vd+='-"i=r. 


- SlP  ^  __  y 

2g  (  2XV— 4S— Agr-Uff  —  t 

»P 


2dez« 


a  c\/f^S7-e  =  x-  Vd  4-  xx  =  v.  p4^,XY_4,.HSr_t 

•^-fei+pa.  y~4  /  ***,  „  _  g  ^  -U  r^rP  rg  -  T.  S  * 

Cv  fz,r|-pz«-|-2e  ^  v  .  I  .  2e  ~ 


m 

to 

O 

to 

L— «J 


Forma 


Forma  feptima. 


,  . _  =  xVe+fe+gXX  —  V.7  .  ^  " 

T  ~k!c>  i _fv«  I -rrrrin  —  \t  ^  °  V4^T^-2deft^2dffv-~-3dee(x+4df^  ^ 

,jV  f  i§  •  C5=5* Vg-r^r^=r.  S  -t- 


1%. 6,7.  2 •  dz.»y e-V fzH Jr gz2#  =  y.  tf = X.  Ve+fx-j-gxx =v.  Js  =  t=Jin «GDB. 

3 •  dz!"\/e -f  fz^-r-gz2” = y.  z"=x.  l/e-jrlx-j-gxx=v.  Jgvg— JJs=t. 

4-  dz^/e^fe»rgzV=y-  zH=x.  Ve+fx+gxx=v.  v^-^glgs  =  t. 

Forma  octava. 

.  .  dz""1  .  /•  -  0J. .  . . 


F/n  6.  I. - - —  =  y  .Z8 = X  v  e-;-fk-rgXX  -  v.s^i?-4dgxv-^fr  _  t  ^  _8d 

VhSvS  •4ses_ntt  4"eg 


=  *  -  i^ff  in  «GDB+ADBA.  V» 

$ _  i 


An  2jt-I  -  ^ 

a.  — _ - =  y.  z»  =  x.  Ve-rfx-i-gxx^v.  =±^1:^+4^  =  ^ 

/-— — -  J  1  J  6  4sieS— »ff  L* 

V  e^-fzr-S-gz2y 

^  dz3*'1  /•— p-f—i -  -|diss  +2d^xv — 2defv 

3.  -y—  .■■■—  =y.  z»  =  x.  ye+fx4-gxx=v.  -4  °  7  —  # - =  t. 

\  ~TZ  \  J  °  4negg— jffg 

V  e-j-tzir|-gz2H 

4*  ,  _T  '  -  —it  ■?»—  ^  «  lZ  l._fv  — Mdeff 3  — 2dft|SXXV-i_iodeff  XV  jljgieef  V  =  t. 

VMfa*.  *  V  ^  1  '°X  W-^ttg - 


_4degs  74dfgXv— sdefv 


4f3egg — 7jf% 


Forma 


Forma  nona. 


dz.rv/^_  d 

g-|-ll2»  y=  Vg-hhza  X' V  h  i  .  h  -  „th 


3 .  dz_"\/e  |  fz*  _  „  ,  /  d  -  ,df  i  eh— fg 


_ _ lz. = v.y_iL_  _  T  ,,/df  j-  : 

_l_  |i  711  7  Vg-',-hZ)|  Mhl 


-hz 

i-J  l 

Forma  decima. 
dzrI 


XX- 


;T4g£3gxv+Mhg-id%r.= 


i  f  h  h 


r\7 «-*  ____ _ 

^7-  I • -  —  v.  y^__x  yi‘ _L«  v.  =  t= i.. ADGa. 

^4,/e+fe,  -  VS-H^-X-Vh  1  *  X 

,  2QV 


-  z_lz^i_=y-  Vto=x.  vf+-hfsxx=v. 

g*|-hzM  v'e-jp-fz}} 

Forma  undecima. 


4g5— 2gXV-j- 

"wf  li 


=  t. 


.■i.ltlfa'Z  Sv'gThZ"-  h  1  ll>:y  il'.'r  _.  „ 


>■  dx-Vf±l:=y. 


?_\/h-bgz-=«.  vfei4S»“r- s 


*7% — Iieh 


2,  dz,W^=y.  Vg-l-hz»=x.  Ve-T®+fiXx  =  v.  Js  =  t^ 

3.  dz^gg=y  Vg-|-hz"=x.  ye4r-|4xx=v.  =  t- 


U*J 
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In  Tabulis  in  ice,  leries  Curvarum  cujufq;  form® 
utrinq;  in  infinitum  continuari  poteft.  Scilicet 
in  Tabula  prima,  in  numeratoribus  arearum  for¬ 
ma;  tcrticc  &  quarts?,  nuineri  coefficientes  initialium 
terminorum  (2, — 4,16, — 96,  868,  Sec.)  generan- 
tur  miiltiplicanclo  numeros — 2, — 4, — 6,  — 10, Sec. 
in  le  continuo,  Sc  fubfequentium  terminorum  coef- 
ficientes  cx  initialibus  derivantur  miiltiplicanclo 
infos  gradati  in,  in  Forma  quidem  tertia ,  per  ' — f, 
—l »  —l ,  ■ —8 ,  — f;  &c.  in  quanta  veto  per  — | ,  —3  , 

_ f — — ■%,  Si c.  Et  Denominatorum  coefficientes 

xj,  105,  See.  prodcunt  multiplicando  numeros 
V  5,  7,  9,  Sec.  in  ie  continuo. 

in  fecunda  veto  Tabula,  feries  Curvarum  formas 


fini  turn. 

Quinetiam  hoc  leries  nmtando  fignum  numeri  c 
varan  folent.  Sic  enim,  e.  g.  Curva  % 


evadit  \/l  "1  ■  ez>i. 

*  aft  1 n 


PROP.  IX.  THE  OR.  VIII. 


'Sit  AD  1C  Curva  qua  vis  Abfcifiam  habeas  fja,  ^ 
AB=z  Sc  Ordinatam  BD=y,  Sc  fit  AEK.C  Curva 

alia  cuius  Ordinata  BE  squalis  eft  prioris  are® 

J  A  B  L, 
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ADB  ad  unitatem  applicable,  &AFLC  Curva 
tertia  cujus  Ordinata  B  F  aequalis  eft  fecundae  area? 
AEB  ad  unitatem  applicata?,  &  AGMC  Curva 
quarts  cujus  Ordinata  B  G  sequalis  eft  tertia;  areas 
AFB  ad  unitatem  applicata:,  &AHNC  Curva 
quinta  cujus  Ordinata  BH  a:qualis  eft  quarts:  area; 
AGB  ad  unitatem  applicata:,  &  ftc  deinceps  in 
infinitum.  Et  funto  A,  B,  C,  D,  E,  &c.  Area?  Cur- 
varum  Ordinatas  habentium  y,  zy,  z'Yi  z3y>  z<,y? 
&  Abfciflam  communem  z. 

Detur  Abfcifla  quaevis  AC=t,  fitq;  BC— t — z 
=  x,  Sc  funto  P,  Q,  R,  S,  T  areas  Curvarum  Ordi¬ 
natas  habentium  x,  xy,  xxy,  x!y,  x4y  &  Abfciflam 
communem  x. 

Terminenter  autem  ha:  arese  omnes  ad  Abfciflam 
to  tarn  da  tam  AC,  nec  non  ad  Ordinatam  pofitione 
datam  &  infinite  produ£tam  C I  :  &  eiit  arearum 
fub  initio  pofitarum  prima  A.DIC=A=P,  fecunda 
AEKC=tA — B=Q.Tertia  AFLC  =  “A-f.g±g  =iR. 
Quarts  AGMC  =  AAriLtB+dcrD  __ is a  Quinta 


AHNC 


_ HA— 4tjB  +  6ttC— 4tP  E 

~~~  24 


CO 
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COROL. 

llnde  fi  Curv®  quarum  Ordinata:  funt  y,  zy, 
z‘y,  z3y,  &c.  vel  y,  xy,  xJy,  xJy,  &c.  quadrari 
poflunt,  quadrabuntur  etiam  Curva  AD1C,  AEKC, 
AFLC,  A.GMC,  &c.  St  habebuntur  Ordinatse  BE, 
BF,  BG,  BH  areis  Curvarum  proportionales. 


SCHOLIUM. ; 

Quantitatum  fluentium  fluxiones  efle  primas,.. 
fecundas,  tertias,  quartas,  aliafq;  diximus  fupra. 
Hse  fluxiones  funt  ut  termini  ferierum  infinita- 
rum  convergentium.  Ut  fi  z"  fit  quantitas  fiuens  Sc 
fiuendo  evadat  z-\-o|>,  deinde  refolvatur  in  feriem 
convergentem  zn-\-»oz*'1-\~'!~-ooz  r2-\~ 

^  See.  terminus  primus  hujus  feriei  z"  erit  quan- 
,  titas  ilia  fiuens,  fecundus#ozr'  erit  ejus  ineremen- 
tum  primum  feu  differentia  prima  cui  nafeenti  pro- 
portionalis  eft  ejus  fluxio  prima,  tertius oz,!"2 
erit  ejus  incrementum  fecundum  feu  differentia  fe- 
cunda  cui  nafeenti  proportionalis  eft  ejus  fluxio 
fecunda,  quartus  oH*"*  erit  ejus  incremen¬ 

tum  tertium  feu  differentia  tertia  cui  nafeenti 
fluxio  tertia  proportionalis  eft,  St  fic  deinceps  in 
infinitum. 
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Exponi  autem  poflunt  hcc  fluxioncs  perCurvarum 
Ordinatas  BD,  BE,  BF,  BG,  B  H,  Sec.  lit  G 
Ordinata  B  E  (  — )  fit  quantitas  fluens ,  erit 
ejus  tiuxio  prima  ut  ordinata  B  D.  Si  B  F 

fit  quantitas  linens,  erit  ejus  fluxio  prima  ut  Or¬ 
dinata  BE  &  fluxio  fecunda  ut  Ordinata  BD.  Si 
BH  (=~)  fit  quantitas  fluens,  erunt  ejus  fluxio- 
nes,  prima,  fecunda,  tertia  &  quarta,  ut  Ordinate 
BG,  BF,  BE,  BDrefpeftive. 

£t  hinc  in  aequationibus  qusc  quantitates  tantum 
duas  incognitas  involvunt,  quarum  una  eft  quan¬ 
titas  uniformity;  fluens  &  altera  eft  fluxio  quselibet 
quantitatis  alterius  fluentis ,  inveniri  poteft  fluens 
ilia  altera  per  quadraturam  Curvarum.  Exponatur 
enim  fluxio  ejus  per  Ordinatam  BD,  Scfihoecfit 
fluxio  prima,  quaeratur  area  ADB=BEx.  i,  G 
fluxio  fecunda,  quseratur  area  AEB  — BFx  i,  fi 
fluxio  tertia ,  quseratur  area  A  F  B  ==  B  G  x  i &c. 
.St-  area  inventa  erit  exponens  fluentis  qusefite. 

Sed  St  in  '  aequationibus  quae  fluentem  &  -ejus 
fluxionem  prima  m  fine  altera  fluente ,  vel  duas 
ejufdem  fluentis  fluxiones,  pri'mam  &  feeundam, 
vel  feeundam  &  tertiam,  vel  tertiam  _  Sc  quartern,. 
Sec.  fine  alter utra  fluente  involvunt ;  inveniri  pof- 
liint  fluentes  per  quadraturam  Curvarum.  Sit 

cequatio  aav  =  av  4*  vv  ,  exiftente  v  =  B  E, 
v==BD,  z=AB  &  z  =  x,-&  aequatio  illa.com- 
plendo  dimenfiones  fluxionmn,  evadet  aav  =  avz 

*-j- vvz,  feu  =Z.  Jam  fluat  v  uniformiter  Sc 
’  ‘  lit 
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fit  ejus  fluxio  v=i  &  erit  &  quadrando 

Curvam  cujus  Ordinata  eft  &  Abfciflfa  v,  ha- 
bebitur  Aliens  z.  Adhasc  fit  aequatio  aav=av-\-vv 
exiftente  v=BF,  v=BE,  v=BD  &  z=AB  & 
per  relationem  inter  v  &  v  feu  B  D  &  B  E  invenie- 
tur  rektio  inter  A  B  &  B  E  ut  in  exemplo  fuperiore. 
Deinde  per  banc  relationem  invenietur  relatio  in¬ 
ter  A  B  &  B  F  quadrando  Curvam  AE  B. 

iEquationes  quae  tres  incognitas  quantitates  invol¬ 
vunt  aliquando  reduci  poflimt  ad  aequationes  quae 
duas  tantum  involvunt,  8c  in  his  cafibus  fiuentes 
invenientur  ex  fluxionibus  ut  fupra.  Sit  aequatio 
a — bxm=cxy»y~|-dy2|,yy.  Ponatur  y»y— v  8c  erit 
a — bxmcxv-|-dvv.  Htec  aequatio  quadrando  Cur¬ 
vam  cujus  Abfciflfa  eft  x  &  Ordinata  v  dat  aream 
v,  &  aequatio  altera  y"y= v  regrediendo  ad  fiuentes 
dat  ^yM'1  =v.  Unde  habetur  fluens  y. 

Quinetiam  in  sequationibus  quae  tres  incognitas 
involvunt  &  ad  aequationes  quae  duas  tantum  in¬ 
volvunt  reduci  non  poflfunt,  fiuentes  quandoqj 
prodeunt  per  quadra  turam  Cur  varum.  Sit  aequatio 
axm_|-bx»f=rexr’1  ys-j-  sexryys*1 — fy  y1,  exiftente 

=  i .  Et  pars  pofterior  r  e  x1'1  y 1 5  -  j-  s  e  xr  y  ys‘£ —  fy  y\ 
regrediendo  ad  fiuentes,  fit  exrys~~~_  quae 

proinde  eft  ut  area  Curvae  cujus  Abfciflfa  eft  x  8c 
Ordinata  ax1”  t-  bx*j|p,  &  inde  datur  fluens  y. 

E  e  e  Sit 
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Sit  sequatio  x  y  axm-l-  b>X  —  ~Xb_.  £t  ftuei3s 

cujus  fluxio  eft  x  vx  a  x™  b  x'y  erit  tut  area  Curv® 

cujus  Abfciffa  eft  x  &  Ordinata  eft  a  xm  ~\-  bx,|p» 

Item  fiuens  cuius  fluxio  eft  erit  ut  area  Curv® 

Ve-\-£y» 

cuius  Abfcifla  eft  y  &  Ordinata  --1'— ,  id  eft 
(per  Cafum  i..  Form®  quart®  Tab.  I.)  ut  area 
UVe+fy*4  P°ne  erg°  ®qualem  are® 

Curv®  cujus  Abfcifla  eft  x  &  Ordinata  ax“-|-  bx"|!? 
St  Imbebitur  fluens  y. 

Ef  nota  quod  fluens  omnis  qu®  ex  fluxione  prim® 
coliigitur  augeri  poteft.  vel  minui  quantitate  quavis 
non  fluente.  Q.U®  ex  fluxione  lecunda  coliigitur 
augeri  poteft  vel,  minui  quantitate  quavis  cujus 
fluxio  lecunda  nulla  eft.  Qu®  ex  fluxione  tertia 
coliigitur  augeri  poteft  vel  minui  quantitate  quavis 
cujus  fluxio  tertia  nulla  eft,  Et  fie  deinceps  in  in* 
finitum. 

Poftquam.  vero  fluentes  ex  fluxionibus  colled®- 
font  fi  de  veritate  Concluflonis  dubitatur,  fluxio- 
nesfluentium  inventarum  viciflim  colligend®  funt 
&  cum  fluxionibus  fub  initio  propofitis  comparand®. 
Mam  fi  prodeunt  ®quales-  Gonclufio  rede  fe  ha- 
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Bet:  fin  minus,  corrigenda;  funt  fluentes  fic,  ut 
earn  m  iluxiones  fiuxionibus  i’ub  initio  propofitis 
aquentur.  Nani  &  Fluens  pro  lubitu  affumi  po- 
teft  &  aifumptio  corrigi  ponendo  fluxionem  flu- 
entis  aflumptae  cequalem  fiuxioni  propofitae.  Sc  ter-, 
miiios  homologos  inter  le  comparando. 

Et  his  principiis  via  ad  majors  fternituiv 
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PArt  i.  p.j.  1-20*  Properties  which)  ib.p.5. 1. 5.  and  that  C,  p.6.  Lp.  DE,  p.2r.  1.23. 

are  two  pay s,  p.27. 1.6.  /»  the  Margin  put  jF/g.14  2?  15,  p.30.1.7.  MiST,  1.9.  M|  p. 
44.  I.15.  asrvaspropofed,  p.52.  1. 17.  a  paper  Circle,  p.57.  l.ult.  emerging,  p.6o.  1*2  5, 
contain  tvith  the ,  p.64,  1,18.  tfwfl  14^,  p.65.  i.13.  the,  p.66. 1.3. Semicircular,  p .67. 
I.25.  Center,  I.31.  4*  Inches,  p.68.  1.8.  to  16,  1.9.  or  p.7i,l,i .  bifett,  p.72.1.13. 
falls,  I.20.  being.  Part  II.  p.86. 1.5.  lelopipede,  p.89.  1.9.  made  by,  p.93.  i.i  8.  to  77 
1.28,29,  by  the  third  Axiom  of  the  firfi  Part  of  this  Book,  the  Laws,  p.105.  1.$.  fee  repre - 
femed,  5.144.1.24,^  a. , fb,  r„,?.  P-  118,119.  for  Lib.i.  Ub.2.  write 
Part  l.  Part2.  p.122. 1  .p.indico,  p*  I3°»  1*19.  w  the  Angle,  p.132, 1.6.  by  the  bright- 
toeff,  p.135. 1. 14.  For  if  in  the,  l.i  6.  firfi  Part  you,  p.136.  [.26,  firfi  Part,  1.27.  lights, 
tp.1nA.20. green,  accordingly  m,  p«  x3^*  1*  21.  Prop. 6.  Part.  2.  p.139.  I.5.  on  which , 
p.142.  i.17  .XT  which  have  been,  p*H3*  1*7*  purple,  l.i  6.feveral  Lights,  1.24.  of  white. 
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P.5. 1.  t£e,p.  7. 1.9.^,  {  rfewte,  1.28.  them  divers, p.  10. 1.  24. 1000  to  1024, 

p.ii.l.ix.  oliquities, I.  p.17.  I.4. 14}  W9,  p.  25. 1. 11.  xoj,  p.3x.  1. 12.  wore  com¬ 
pounded,  p.55. 1.3 .  fixes reflett,  I.24.  and  therefore  their  Colours  arife,  p.65.  1.5  .corpuf- 
eles  can,  p.71.  l.i 7.  given  breadth,  p.84. 1. 4.  are  totbofe,  p.  96.  1.  24.  Ohfervation  of 
■this  Part  of  this  Booh,  p.103. 1. 17.' was  to  tbetbickhefs,  p.,105. 1. 19.  of  this  white  Jfagf 
p.107.  i.20.  become  ecpml  to  the  third  of  thofie. 


Enumeratio  Line  arum. 

p.143. 1,20.  datas  figmsfuis,  p.  144. 1.27.  refpiciunt,  p.146.  l^funt  AfymptotQ,  p, 
1 54. 1.13.  cxfi-d  dat  Ordmtmy  =s ,  i*i4*  tpuegenemur. 


Quadratura  Cur  varum* 

p.i68.1.24.re^^S,p.r/6.1.ult.  ^  ^ few,p,i 83.1.13.^0^^ 
&V.  p.185. Lfamzti-h  p.188, 1.i4«  z&«<r,  p.190;  t,A 9<vA 
ip2.  Li8r^fHr2fl.  p.193. in.  aSy-j-bRr]^  ■ '  - 
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